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S E R I r S P I R S T . 

PROM THE AJ1ERICAN JOURNAL OP PSYCHOLOGY 
6X Vol* 3, No. l.Jan.JiSyO. 

S MmOR COI^TRIBUTIONS. 

Studies fbom the Laboratory of Experimental Psy- 
chology OF the University of Wisconsin. 



By Joseph Jastbow, Ph. D. 



By way of introduction to the first api>earanoe in print of 
this Laboratory a few words may not be out of place. The 
Laboratory was founded in connection with the^ <diair of Ex- 
X>eriinental and Gomparatiye Psychology, established in the 
fall of 1888, the duties of which, I at that time assumed. 
The object of the Laboratory is primarily to give opportunity 
of demonstrating the chief points in a course in psychology, 
and of allowing students to test for themselves the simpler 
results of the methods of observation and experiment, and 
secondly to provide facilities for advanced and original work. 
In the programme of an American college the former end 
must stand out more prominently than it would, for example, 
in a German university. The original work in turn must be 
more directly under the guidance and control of the director 
of the Laboratory and the themes suited to the capacities and 
available time of the student. These, as well as the neces- 
sarily slow growth of a somewhat novel department, form the 
chief, — but I hoi)e and believe constantly decreasing difficul- 
ties in the way of giving the actual a reasonable approxima- 
tion to the ideal. My policy, however, is not to bring the 
researches conducted in the laboratory under any one general 
scheme, but allow them to be suggested by the interest of 
the student, by the facilities of tiie Laboratory, or by the 
fluctuations of interest in the psychological world. 

Eegarding the present contributions, I have only to say 
that Siey will give evidence of some of the limitations under 
which they were worked out, but that I thought it wise not to 
delay their publication in anticipation of future results, but to 
send them forth as they are, to excite whatever interest and 
encourage whatever research they may. They are directed 
mostly to x>oints connected with the problems of the psycho- 
physic law, and may, perhaps, contribute a little toward 
bringing a much desired unity of conception into that vexed 
field. 

Under the appropriate heading are mentioned the names of 
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44 JASTBOW: 

the students who obtained the experimental results either 
directly with me or upon one another under my guidance. 
I trust to be able to continue these contributions at about 
yearly intervals. 

On the Psyohophysio Series. 
The conformity of the magnitudes of the stars to the series 
demonstrated by the psychophysic law still remains one of the 
most striking applications of this law as well as an important 
piece of evidence in its favor. The stars were arranged in mag- 
nitudes on the basis of their naked-eye appearances, and at a 
time when any objective determination of their brightness 
was impossible. It is natural to suppose that the astrono- 
mers had in mind a sort of series in which the average stars 
of each magnitude should be separated by equal differences of 
brightness; i. e., by equal difierences of sensation. When, 
now, we come to compare this psychic series with the physi- 
cal series formed by the photometric determinations of the 
average stars of the several magnitudes, we find that this lat- 
ter is approximately a geometric series with an average ratio 
of 2.5, for the first five or six magnitudes. To the arithmet- 
ical series of sensations separated by equal sensory differ- 
ences there corresponds a geometric series of stimuli separated 
by a constant ratio ; and this is the relation most closely 
answering to Fechner's formulation of his law. It is the 
most direct method of testing whether the sensations increase 
in arithmetic ratio as the stimuli increase in geometric ratio ; 
i. e., whether the sensation increases witb the logarithm of 
the stimulus. In this Journal, Vol. I, pp. 112-127, I have 
traced in detail the agreement of the estimations of star mag- 
nitudes with the phychophysic law, and in the present study 
my aim is to test whether this method can be applied to 
ottier fields of sensation, (for this, to my knowledge, has not 
yet been done), and with what results. 

A, — Visual Extension. 
My first attempt was with spacial relations of vision. A 
very large number of thin sticks varying arbitrarily in length 
from a few millimetres up to about 300 millimetres were 
mixed together in a random order ; and the problem of the 
subject was to arrange . these sticks according to length in a 
^ven number of classes or, to keep the comparison, of mag- 
nitudes. For this purpose I had made a frame with nine 
square openings, each one foot square, and with a bag hung 
within each compartment.^ The whole was conveniently sup- 
ported so that a person could sit with the sticks next to him 

^ The apparatas was constructed from a srant made me by the Eliza- 
beth Thompson Science Fund, which I agfSn gratefully acknowledge. 
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and sort them out according to a general impression of size. 
But one stick at a time was seen, and as soon as it was thrown 
into the bag it was lost from the subject's view. At first 
one's idea of the average length of each magnitude is vague, 
being founded only on the lengths of the extreme sticks that 
had been shown at the beginning of the experiment ; but as 
one goes on his idea soon becomes clear, though puzzling 
cases of sticks just on the boundary between two magnitudes 
will always occur. When several hundred sticks had been 
thus assorted they were taken out and measured and the 
average length of the sticks in each bag computed. If the 
psychophysic law holds true of sensations of visual exten- 
sion when thus tested, then these averages should form a 
geometric series with a constant ratio, just as do the photo- 
metric determinations of the average star-magnitudes. My 
results include the records of five persons sorting the sticks 
into six divisions, and of five sorting them into nine. Ee- 
garding the former, one observer declared himself dissatisfied 
with the result owing to the changing of the standards during 
the operation so that too many sticks had been thrown into 
the ' ' longest ' ' compartment. On examination this was found 
true and I have therefore omitted his result ; the omission, 
however, does not effect the average result. The other four 
results are : 

L 
II. 
in. 

IV. 



The last lines of figures represent the averages of I, II, III 
and IV. The following is a similar result for the sorting into 
nine magnitudes by five other observers, and their average : 

J Number, 116 87 70 43 51 42 29 40 27 

^' Av. length, 62.8 84.5 111.7 139.5 164.5 187.8 215.5 233.5 252.2 

Number, 57 63 35 47 53 57 81 51 63 

Av. length, 44.5 66.6 73.5 92.0 107.4 136.2 164.9 212.8 231.8 

Number, 36 85 83 86 71 44 37 41 21 

Av. length, 40.3 65.4 86.6 121.6 156.6 190.3 218.2 235.0 254.8 



Number of sticks. 


79 


133 


89 


70 


56 


88 


Average length, 


18.5 


55.6 


97.7 


146.8 


194.7 


251.1 


Number of sticks, 


122 


137 


113 


57 


61 


25 


Average length. 


25.1 


61.8 


124.6 


195.6 


239.0 


278.9 


Number of sticks, 


236 


65 


59 


59 


60 


37 


Average length. 


45.9 


106.1 


147.5 


184.2 


231.3 


273.8 


Number of sticks, 


200 


79 


103 


52 


51 


50 


Average length. 


36.8 


90.1 


142.3 


200.7 


239.9 


275.2 


Number of sticks. 


159 


104 


91 


60 


57 


50 


Average length. 


31.6 


78.4 


128.0 


181.8 


226.2 


269.8 



n. 
in. 

IV. 



Number, 15 27 39 67 86 116 78 69 11 

Av. length, 33.6 41.9 67.6 71.4 95.1 139.0 186.3 236.4 256.3 

V Number, 56 80 82 63 66 58 56 27 18 

^' Av. length, 43.2 67.7 91.5 119.1 151.0 177.3 221.0 240.4 256.3 

A« /Number, 56 68 62 61 65 63 56 46 28 

-^'^lAv. length, 44.9 65.2 84.2 108.7 134.9 166.1201.2 231.4 250.3 
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46 JASTBOW: 

We need only compare the snccessive differences of the 
several magnitades with their successive ratios to obtain an 
answer to our problem. Doing this for the average result we 
have: 

Average difference, 46.8 49.6 63.8 44.4 43.6 
Average ratio, 2.48 1.63 1.42 1.24 1.19 

Average difference, 20.3 19.0 23.5 26.2 31.2 35.1 29.2 18.9 
Average ratio, 1.46 1.29 1.27 1.24 1.23 1.21 1.15 1.08 

In the division into six magnitudes it is quite clear that we 
have to deal with an arithmetical and not a geometrical 
series, or that the result is quite different from the result with 
star-magnitudes. In the division into nine magnitudes the 
difference between the two series is naturally considerably 
less, and so a decisive result the more improbable. The 
averages are considerably more irregular,^ and the process is 
in every way more difficult. But if we regard the individual 
records as well as their average, we find that the balance of 
evidence tends towards making this also a coarsely approxi- 
mate arithmetical series. If the series tends to a geometric 
one, it would be indicated by a tendency of the differences to 
rise with the magnitudes. Judged by this, test Numbers I, 
in and V, in the last table, are more or less arithmetical in 
their tendencies ; Number II is very irregular, but can hardly 
be said to favor the geometric series ; while Number IV does 
distinctly lean to ttie geometric. By a fortunate chance, 
Number IV is the only subject who appears in both experi- 
ments being the Number I of the " six division'' series ; and 
if we refer to that record, we find a very similar tendency 
there, though in the average it is entirely overbalanced by 
the '* arithmetical'' tendencies of the other three observers. 
We have thus indicated that whether or not the psychophysic 
law is obeyed in these experiments may be an individual 
matter. As a further test of this relation, I asked all of those 
who sorted the sticks into six magnitudes (as well as some 
of the others), after they had finished, to draw six lines of 
the lengths, equal to the average sizes of the magnitudes 

* I shall not discuss the nature of these irregularities further than to 
emphasize the importance of the number of sticks in each ma^^tude 
upon the average length ; the numbers are irregularly distributed, and it 
is very noticeable that so frequently when the number of sticks is very 
much larger, or very much smaller, than the average number, the aver- 
age length of these sticks also deviates from-the usual average. Again, 
the first and the last magnitudes are apt to be irregular, because all very 
smaU sticks go into the one, and all very large ones into the other, and 
the number of such sticks present will evidently affect these averages. 
When a laree number of sticks is placed in the smallest magnitude, its 
average will be high, and the reverse is true for the hi^^hest magnitude. 
A similar effect is noticeable in star-magnitudes, for wmch see my paper 
as above cited. 
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which they had in mind when sorting the sticks. These esti- 
mations agree as well as conld be exi)ected with the results of 
measurements, both in the average (which I here append) 

Lengths of lines : 47.5 82.5 120.0 156.7 193.5 244.7 

and in the individual records, the subject with the distinct 
''geometric" tendencies also revealing this trait in the lines 
he drew. This would indicate a rather more defimte and 
conscious representation of the several standard magnitudes 
than I for one should have anticipated. 

To express the degree of approach of the average results in 
the two sets of exi)eriments to an arithmetical series, I ap- 
pend these averages, together with the ideal series, to which 
they most closely approximate : 

Real Series, 31.6 78.4 128.0 181.8 226.2 269.8 
Ideal Series, 32.1 80.3 128.5 176.7 224.9 273.1 

Real Series, 44.9 65.2 84.2 108.7 134.9 166.1 201.2 231.4 250.3 
Ideal Series, 35.4 62.3 89.2 116.1 143.0 169.9 196.8 223.7 250.6 

We can further express the average deviation of the actual 
from the ideal series as a percentage of the average lengths, 
and will find this to be 1.6% for the first set, and 3.8% for 
the second. These figures may be regarded as measuring the 
approximation of the result to an arithmetical series. 

B. — Tactual-Motor Extension. 

With the assistance of Lucien Mason Hanks and James 
Bremer Kerr. 

The above mentioned exx>eriments were made at the 
Psychophysical Laboratory of Johns Hopkins University, in 
the spring of 1888. In order to extend the application of the 
method, and to investigate whether the result would be the 
same with a less accurate sense, I decided to continue the 
study at my present laboratory by i)erforming the same 
operation of sorting the sticks into six magnitudes, but with 
the difference that the sticks were not seen by the subject. 
The latter simply felt their lengths by moving his forefinger 
along them and announcing the compartments iu which he 
wished them placed. Each was then thrown into the bag by an 
assistant, who also gave the subject the next stick he was to 
feel. The process is thus the same, except that this form of 
tactual-motor sensation takes the place of visual sensation. 
The test was made with four subjects. The range of sticks in 
length was a little narrower than with visual judgments (the 
longest stick being about 25 mm. shorter than the longest 
stick with visual judgments), and the number of sticks also 
smaller — about 360 against 500. The number of sticks and 
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69 
71.3 


79 
112.8 


50 
158.2 


60 
189.9 


53 
235.1 


81 
76.1 


69 
118.6 


68 
170.6 


48 
206.4 


27 
244.3 


64 
67.5 


69 
100.6 


66 
148.6 


50 
190.6 


64 
238.6 


35 
63.2 


56 
86.9 


67 
117.3 


62 
162.6 


97 
224.0 


62 
69.5 


68 
104.5 


60 
148.7 


60 
187.4 


58 
236.5 
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their average length for each observer, and their average is 
as follows : — 

J Knmber, 60 

Average length, 35.2 

jj Number, 67 

Average length, 57.0 

yyj Number, 55 

Average length, 35.1 

y^ Number, 60 

Average length, 37.1 

. /Number, 60 

^^* \ Average length, 36.1 

The ideal series, to which the average of the four results 
approximates, is 40.55, 70.45, 110.35, 150.25, 190.15, 230.05, 
the average deviation of the two series expressed as a per- 
centage of the average length being 2.6%. With regard to 
the individual records nothing requires special mention, ex- 
cept the fact that Number IV shows a tendency to follow the 
geometric series, especially so if we take into account the 
error in the average length of the lowest magnitude due to its 
being the lowest. In brief, the result is in every respect es- 
sentially similar to that with visual magnitudes, and all that 
has been said of the latter applies with equal force to the 
former. 

The nature of the result being thus clear, I will at the pres- 
ent time offer nothing more than a few thoughts in explanation 
of the holding good of the law with star-magnitudes and its 
failure with extension magnitudes. The two queries that 
these results suggest are : With regard to what class of sen- 
sations can the psychophysic law be expected to hold good f 
And may the agreement with the law depend upon the 
method by which it is tested! Eespecting the former it seems 
to me that the law includes such sensations as are appreciated 
en massej and with not too distinct a consciousness of their 
intensity; when the sensation is a sort of impressionist re- 
ception of the gross sensation without dividing it up into 
units, or conceiving it as so composed, we may exi)ect lite law 
to hold good. This would be the case with the rough estima- 
tions of star brightnesses. On the other hand, when the im- 
pression is consciously received and definite in extent, as with 
spacial relations, the correspondence of the arithmetical with 
a geometrical series can not be expected, for if I am asked to 
draw a series of equally different lines, or if I am asked to 
sort sticks into groups, I have in mind the division of the 
range into equal groups, and I cannot help asking myself 
whether these groups are to be equally different absolutely or 
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relatively. The former seems to be the simpler and more 
natural conception, and it is accordingly adopted, whenever 
the problem becomes a conscious one; that ttiis is what the 
subject has in mind, is clear from the lines he draws as the 
equivalents of his average magnitudes. Again, the individual 
who follows the geometric series would be one who did not 
consciously state the problem to himself, but went on a gen- 
eral impressionist view of the matter. At present this is 
offered merely as a suggestion that brings harmony into the 
results and emphasises the important part played by con- 
sciousness in the estimation of sensations. With regard to 
the second question I desire only to bring it into relation with 
the first, by calling attention to the fact that the psychophysic 
law seems to hold good of this class of extensive sensations 
when tested by other methods, and that therefore possibly a 
difference in tiie mental attitude of the subject may decide 
whether the sensation will be perceived under the psycho- 
physic law or not. Apart from the interest in the exx)eri- 
ments as an extension of a psychophysic method to new fields, 
these are the points of view from which I trust the present 
research may be of interest. 

The Pbbobption of Space by Disparate Senses. 
With the assistance of Frederick Whitton. 

In a paper under this title, published in Mindj XI., No. 44, 
I offered ttie following as a provisional, but perhaps conveni- 
ent, classification of the avenues by which we could gain 
knowledge of spacial relations : — 

'^ I. By the stimulation of a definite portion of a sensitive 
surface: 

(1) Of the retina (where the distance of the stimulating 
object must be inferred.) 

(2) Of the skin. 

(a) By the application of a pair of points, leaving 

the intermediate skin unstimulated, or 
(<i) Stimulating it by the application of a straight 

edge. 
(6) By the motion of a point along the skin (see 
Mind J 40, pp. 557.) 

[(a) and (6) may be contrasted as simultaneous 
and successive.] 
r/<n. By the perception of distance between two movable 
parts of the body, e. g., between thumb and forefinger. 
'^ m. By the free motion of a limb, e. g., the arm.'' 
I iihen proceeded to investigate in detail the space relations 
famished by a variety of I (1), of II and of in, deducing a 
4 
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series of relations in part to be referred to in the present 
study, but for a full account of which the reader must have 
recourse to the original memoir. In the present study a form 
of I (2) (a) was interpreted by drawing lines with the aid of 
the eye, in which process the eye is naturally the guiding 
sense. 

The method of work was as follows: Two ifpots were 
marked ux>on the volar surface of the forearm of each arm, 
one near the elbow, the other near the wrist. One of a pair 
of points was applied either to the lower (near the wrist), or 
the upx>er (near the elbow) of these points, and the other at 
various arbitrarily selected distances from the former. It 
goes without saying that the subject was prevented from see- 
ing the pair of points applied to the arm by the interposition 
of a screen. Ten observations were made in a set, keeping 
one of the x>oints constant throughout. The subject appre- 
ciated the distance between the points, and drew with a i>encil 
a line, the length of which seemed to his tactual sensation, 
(not to his judgment or actual knowledge of the relation,) 
equal to it. 

Even this was a difficult task, owing to the coarse sensibil- 
ity of the forearm, and the estimations were made with little 
confidence and much hesitation and fluctuation. Owing to 
this, it was allowed to have the points applied (for a moment 
only) as often as the subject required, and he could correct 
and recorrect the lines drawn, untQ he felt satisfied with the 
result. Again, the arm fatigues very easily, especially at and 
near the point under constant stimulation, this being mainly 
due to the rather strong impression of the points necessary to 
give a distinct sensation. The apparatus employed was the 
aesthesiometer I described and figured in the proceedings of 
the American Association for the Advancement of Science, 
1887, and also partly in this Jouknal, Vol. I, p. 552.^ I 
again take the opi)ortunity of gratefully acknowledging the 
grant made me by the '^Elizabetii Thompson Science Fund,^' 
by aid of which this apparatus was constructed. 

The smallest lengths applied were determined by the small- 
est distance between the two points still felt as two ; the larg- 
est by the dimensions of the forearm. Four cases were dis- 
tinguished, according as (1) the right or (2) the left arm was 

> The only change made was in setting the bar bearing the points 
upon adjustable brackets projecting at right angles from uie uprights, 
to enable the arm to rest more conveniently beneath it. I will not de- 
scribe the apparatus further than to remark that it offered great facility 
in leaving the operator both hands free for work, in applying both 
points equally well and always in the same way, and in making uie set- 
ting and recording of distances extremely easy. The only difficulty is 
in Uie disposition of the arm to give both ease of application and com- 
fort. 
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used, and as (a) the upper or (6) the lower point was kept 
constant, the latter distinction is necessary, because the sen- 
sibility differs at the two points. This was tested as a role 
both before and after each set of ten observations ; it being 
found that the fatigue incident to the experiments diminished 
the sensibility. The results of these observations are em- 
bodied in the following table : 



J. Jastrow. 



Before . 
After . 
Average , 



Bight Arm. 



UPPER 
CONSTANT. 



58.0 
08.8 
63.4 



LOWER 
CONSTANT. 



31.7 
46.0 
38.9 



Left Arm. 



UPPER 

constant. 



67.4 
73.2 
65.3 



LOWER 
CONSTANT. 



33.0 
42.6 
37.8 



F. Whitton. 


Bight Arm. 


Left Arm. 




UPPER 
CONSTANT. 


LOWER 
CONSTANT. 


UPPER 

constant. 


LOWER 
CONSTANT. 


Before 

After 

Average 


62.3 
64.0 
58.2 


32.2 
41.7 
37.0 


64.8 
77.0 
70.9 


37.2 
51.0 
44.1 



The numbers express in millimetres the distances between 
two points just felt as two. It would be fairest to consider 
the average sensibility throughout the experiments as the 
mean of ti^^ sensibility before and after, and this is accord- 
ingly added in the table. The table shows : (1) That the 
sensibility at the lower point (near the wrist) is finer on both 
arms and for both observers than at the upper point (near the 
elbow), and on the average the points are perceived as distinct 
when 25 mm. nearer. (2) That the average just perceptible 
distance is for the upper point 64.5 mm., for the lower 39.5 
mm. (3) That for Mr. Whitton the right arm is more sen- 
sitive both above and below than the left, while no such differ- 
ence is apparent for myself. (4) That the effect of the fatigue 
increases the just perceptible difference after ten observations 
on the average by 12.2 mm. 

As regards the chief object of the investigation, I have in 
the following table divided the observations into five groups, 
aiming to have the averages of the groups separated by about 
equal intervals, and have placed under each average distance 
between the points, as applied upon the forearm, the average 
length of the lines by which it was represented, and under 
this in turn the ratio of the two expressed as a percentage. 
This is done separately for Mr. Whitton and myseU, and with 
the distinction of the four cases as already noted. 
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J. Jastbow. 




RIGHT ABM .' || RIGHT ARM : 
UPPER POINT CONSTANT. | LOWER POINT CONSTANT. 




1. 


2. 


3. 1 


4. 


5. 


1. 


a- 


3. 


4. 


5. 


Beal length . . . 
Drawn length . . 
Batio in percentage 


64.0 
15.0 
23.4 


80.0101.2 
19.7 25.2 
24.61 24.8 


120.0 
38.1 
31.7 


139.5 59.4 79.0 
56.4 17.6 23.0 
40.i 29.6 28.1 


101.7 
32.7 
32.1 


121.9 
42.9 
36.2 


146.0 
63.8 
37.1 




LEFT arm: 
UPPER POINT CONSTANT. 


LETT arm: 
LOWER POINT CONSTANT. 




1. 
63.0 

12.7 
20.2 


2. 


3. 


4. 


5. 


1- 


2. 


3. 


4. 


1 5. 


Real length . . . 
Drawn length . . 
Ratio in percentage 


80.4 
17.8 
22.1 


102.3 
29.8 
29.1 


123.0138.0 
43.7 66.1 
35.5 40.6 


60.4 
14.9 
24.7 


81.3 
23.0 
28.3 


100.8121.6141.0 
32.1 41.9 61.4 
31.81 34.61 43.6 


F. Whitton. 




RIGHT ARM : RIGHT ARM : 
UPPER POINT CONSTANT.II LOWER POINT CONSTANT. 




1. 


2. 


3. 


4. 


5. 


1. 


2. 


3. 


4. 


6. 


Real length .... 
Drawn length. . . 
Ratio in percentage 


64.2 

42.8 
66.7 


82.7 
61.1 
61.8 


101.2 
70.6 
69.8 


120.8 
79.2 
65.6 


138.3 
87.7 
63.5 


56.6 
39.3 
70.S 


79.2 
58.2 
73.5 


99.81200137.6 
74.8 82.1 98.8 
76.01 68.41 71.9 




LEFT arm: 
UPPER POINT CONSTANT. 


LEFT arm: 
LOWER POINT CONSTANT. 




1. 


2. 


3. 


4. 


6. 


1. 


2. 


3. 


4. 


6. 


Real length. . . . 
Drawn length . . . 
Ratio in percentage 


66.0 
30.0 
42.2 


82.0 
42.5 
52.0 


102.5 
60.5 
59.0 


1217 

758 
62.3 


141.2 
97.0 
67.2 


67.7 
39.7 
68.8 


80.3 
59.9 
74.6 


100.7 
70.0 
69.6 


117.6 
88.6 
76.3 


129.6 
97.6 
76.3 



These Tables show : (1) That the lengths are all very much 
underestimated, the lines being on the average 65.6% of the dis- 
tances between the points lor Mr. Whitton and but 30.9% lor 
mysell ; (2) That lor mysell thronghont the underestimation 
decreases as the length increases, though lor Mr. Whitton this 
is true in one ol the lour cases only ; (3) That the underes- 
timations are less when the lower x>oint tiian when the upper 
X>oint is constant, on the average by 7.2 mm. lor Mr. Whit- 
ton, by 3.9 mm. lor mysell ; (4) That lor mysell there is no 
difference between the sensibility ol the two arms, but lor Mr. 
Whitton the right arm is slightly more sensitive than the left. 

Postponing ttie lurther discussion ol these results, I will 
assume that the average sensibility along the arm is that 
midway between the sensibility at the upper and at the lower 
point, and that there is no difference in sensibility between 
the two arms ; I then take my own result as rather the more 
regular ol the two and obtain the most typical result by com- 
bining the lour cases lor mysell as is done in the loUowing 
table : 
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Real length, 61.7 80.2 101.5 121.6 140.9 

Drawn length, 15.1 20.9 29.9 41.7 66.9 

Ratio in per cent., 24.4 26.1 29.5 34.2 40.4 

The same is expressed graphically in the accompanying curve.^ 



40 
30 
20 
10 




50 60 70 80 90 100 110 120 130 140 150 

I shall now discuss the relation of this result to the conclu- 
sions of my former paper. Such discussion can only include 
the most general relations, a minute comparison being imi>ossi- 
ble owing to the difference in the number of subjects and obser- 
vations. The most general conclusion of my former paper here 
X)ertinent is that ^' J^ the eye is the expressing sense all lengths 
are greatly underestimated, the error decreasing as the length 
increases.* With this general, result this curve is entirely in 
agreement, although the decrease of the error with the increase 
of the length is not as marked, owing in part to the smaller 
range of lengths that the observations cover. Eegarding the 
comparative accuracy of the feeling of tension between thumb 
and forefinger, the motor sensations of the arm and the skin 
sensibility of the fore-arm, accurate statement is impossible, 
but the indication is that the last is a less accurate source of 
space-perception than either of the others. My general result 
is thus an additional verification of the conclusions reached in 
my former study, and an extention of their significance. The 
space-perceptions of disparate senses are themselves dispa- 
rate, and whatever harmony there is among them we are 
warranted in regarding as the result of experience. The 

' The ordinates express the drawn lengths as percentages of the real 
lengths, the latter being indicated by the abscissae. 

'Though the method of expressing by the eye is different here from 
what it was in the former study (no pains being taken to restrict the 
movement of the eye and the hand moving over the space drawn). I do 
not think it likely that this difference at all seriously influenced the 
results owing to the supremacy of the eye in all spacial judgments. 
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spaclal notions of one deprived of the sense of sight and 
reduced to the use of the other space-senses mnst indeed be 
different from our omu. And the existence of the striking 
disparities between our visual and our other space-percep- 
tions, without confusing us, and, indeed, without usually being 
noticed, can only be explained by the tendency to interpret 
all dimensions into their visual equivalents and unconsciously 
correct them by the same means. The general law to which 
the result contributes seems to establish a sort of co-efl&cient 
of conversion; the same amount of objective stimulation 
upon a delicately sensitive surface is interpreted subjectively 
as the equivalent of a much more extensive sensation than an 
equal objective stimulation upon a coarsely sensitive sense- 
organ. There is, as it were, an exchange of the spacial unitB 
of different senses, and because the vi/sual units are the 
smallest it takes a smaller visual space to seem equal to a 
larger tactual or motor space. 

A few points peculiar to the present research remain to be 
noted. The first is the peculiar fact that when the x>oints are 
extended a few millimetres there is a sort of jump from the 
X>oint at which no interval at all is felt (the two points being^ 
felt as one) to the perception of the entire interval. The 
moment we perceive an interval at all, we regard it as longer 
than the mere separation of two x>oints; it is not that tiie 
zero x>oint is at a constant height, but that the sensation 
changes its character. To my knowledge the theory of der- 
mal sensibility is too little advanced to give an adequate 
explanation of the fact, nor have I any to offer. The fact 
itself seems to me important, and must be accounted for by 
any theory that claims general acceptance. A second point 
is that while the sensibility at the upper and at the lower 
X>oints differs by about 25 mm. the difference in their 
reproductions is only about 5.5 mm. Even if we regard 
this difference as subject to the same underestimations aa 
the absolute lengths it is strikingly small ; but the explana- 
tion of the fact is even more difficult than of the foregoing. 

On the Pbessube Sense. 
With the asslBtance of Sarah Belle Flesh and Helen Smith. 

The problem set proved a much broader one than could be 
profitably worked out in the limited time at the disposal of 
the exi)erimenters, so that only two aspects of the work can 
be here described, both of these relative to the methods of 
testing sensibility. The apparatus used for testing the pres- 
sure-sense was a modification of^ a Fairbanks' post-office 
balance, in which the initial and incremental weights were 
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placed upon the scale-pan, thus exerting an upward pressure 
upon the finger situated at the end of the beam. A series of 
attachments were added by which the pressure could be in- 
stantly released from the finger and thus the iU effects of 
fatigue averted. A comfortable and firm x>osition of the arm, 
hand and finger was also secured. To obtain a normal sensi- 
bility, exx>eriments were made according to the method of 
right and wrong cases, the subject being requested to answer 
each time, and doubtful answers being excluded so that half 
the answers would be correct by chance. At the bidding of 
the subject a pressure was brought to bear upon the finger ; 
at a second signal the pressure was increased or diminii^ed, 
and at a third the original weight was restored. The subject 
had to decide whether the middle pressure was lighter or 
heavier than the extremes. The two initial weights applied 
were (A) 315 and (B) 105 grms., and the changes were an 
increase or decrease by (1) T or (2) a^ of these weights. An 
attempt was also made to record the confidence ^ in the cor- 
rectness of one's answer on a scale in which 3 signified rela- 
tive certainty, no preference for one answer above its 
opposite, and 1 and 2 intermediate grades of feeling. After 
throwing out certain observations made under distracting 
circumstances there remain 100 observations for each obser- 
ver under each of the four cases. These are given in the 
table, together with the theoretical ratio at which according to 
the formula given in my pax)er published in this Journal 
(Vol. I, p. 308), one-fourth of the answers should be correct. 

Miss Smith. 

InttiAl BatkTof Percentage B*tio at which 8ft per Average 

widght. faicrement. of error. cent, errora would occur, confldence 

316 grammes I » 1.143 4.0 1.053 1.22 

316 " A =1.048 19.0 1.037 0.60 



106 " I = 1.143 3.0 1.049 1.17 

105 '' A » 1.048 20.0 1.038 0.60 

Miss Flesh. 

Initial Batioof Percentage Batio at which 2ft per Average 

weight. increment. of error. cent, errorg would occur, confldence 

316 grammes ^ « 1.143 10.0 1.073 0.78 

315 '' A *» 1.048 34.0 1.080 0.54 

105 " I — 1.143 12.0 1.077 1.14 

106 " A =1048 40.0 1.132 0.62 



The constancy of these numbers measures the constancy of 

* This method was used in the research by Mr. Peirce and myself on 
** SmaU Differences of Sensation," Memoirs of the National Academy, 
Vol. in, and also in the paper in Mind^ No. 44. 
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the sensibility as well as the agreement of the results with 
the requirements of the psychophysic law. The law seems 
approximately adhered to, tihough with variations dei)ending 
largely on the small number of observations. The average 
ratio at which 25 per cent, of errors should occur is for Miss 
Smith 1.044, for Miss Flesh 1.090, the mean of which is 
1.067 ; and as this measures the most probable error we in a 
certain sense express the fineness of the pressure sense as 
here determined, by saying that its probable error is 1.067 or 
about A. 

A secx)nd series of observations was made under the same 
conditions except that inst-ead of applying and removing the 
additional weight while the initial weight is upon the 
finger, the initial weight is applied and remov^; then 
the initial plus or minus the additional weight is applied and 
removed ; and then the initial alone again. The question is 
whether we can compare more accurately the change of a sen- 
sation X with the sensation Xz^a (produced by simply adding 
or subtracting a), or the entire sensation x with the entire 
sensation « ± a. The result for Miss Flesh is too much 
afiected by what must be accidental errors to be here cited, 
but for Miss Smith it is as follows ; the result is arranged 
as in the preceeding : 

Initial Ratio of Percentage Ratio at which 26 per Average 
weight. increment. of error. cent, errors occur. confidence. 

315 grammes 1 = 1.143 11.2 1.077 0.27 

315 " 2^ = 1.048 30.0 1.062 0.11 

105 '* r = 1.143 12.5 1.081 0.27 

105 '' 21^ = 1-048 31.6 1.068 0.00 



We see that this second method is decidedly the more diffi- 
cult, the average '* probable error'' rising, for Miss Smith, 
from .044 to .072. The psychophysic law is well supported, 
though here as before the subject appreciates differences of h 
relatively better than differences of +. Eegarding the causes 
of the increased difficulty of the second metihod of experimen- 
tation it may be in point to note that memory has a wider 
play in it than in the former method, though this is not the 
entire psychological difference. The result show^ too, how 
essentially tests of sensibility are dependent upon the methods 
employed. 

Eegarding the confidence we see that it rises as the propor- 
tion of error decreases and falls as this proportion increases ; 
what this relation is I have no means of determining, nor do I 
think that it is constant or anything more than a subjective 
but practically useful aid in judging the reliability of the 
results. 
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On Just Observable Diffebences. 
with the assistance of Augusta Adbienne Lee. 

The usual applications of the method of the Just Observa- 
ble Difference aim to fix by more or less direct means the 
point at which two sensations are sufficiently different to 
have that difference consciously perceived when the attention 
is directed to it, and to arouse some confidence in the cor- 
rectness of one's judgment of this difference. I have else- 
where^ I)ointed out the uses and the abuses of this method 
and will here confine myself to the description of a hitherto 
unnoticed mode of testing the Just Observable Difference. 
A distinction, the imi)ortance of which is not always recog- 
nized, is that between the power to tell that two stimuli are 
different and the power to tell the direction of this difference. 
In some cases the later is always given with the former, but in 
others it is not. A great many persons can tell that tones 
are different without being able to tell which is higher and 
which lower. It matters much, too, whether the two stimuli 
are successive or simultaneous; and in the estimation of 
spacial relations it is important whether the two stimuli are 
placed side by side, so that their relations .are manifest, or not. 
The form of the method now to be described is certainly a 
useful variation of it, and yet as far as I know has not been 
employed. It consists in having the subject produce a stimu- 
lus just longer (more intense) or just shorter (less intense) 
than a given stimulus; instead of judging differences pre- 
sented to him he produces the smallest difference that he can. 
By this method a knowledge of the direction of the difference 
is made necessary. 

In the first series of exi)eriments fifty lines were drawn, 
their lengths varying in an arbitrary manner from about 25 
to 150 mm.; and after viewing one line it was covered over, 
and the attempt made to draw a line just longer than the one 
seen. In the next series the attempt was made to draw the 
lines just shorter than the original lines ; and in a third series 
(in order to eliminate a constant error, if there be any), the 
attempt was made to draw the lines just equal. In another 
set of experiments the same three processes were repeated, 
but the original line was kept in sight while the second was 
being drawn, though the two were kept at some distance apart 
so as not to make a fitting of the ends of the lines possible. 
The average number of millimetres by which a line differs 
from the original line under the three cases and when the 
original line was visible or not is given in the following table. 
I also give with this, the ratio of the average length of the 

* See this Journal, Vol. I, pp. 273-277 and 29»-302. 
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line to this just x>eroeptible difference expressed as a i>ercent- 
age. 



ORiemAL Lms not sbkn. 


Just longer. 


Just equal. 


Juflt ihorter. 


2.17 mm. -2.75^ 


0.73 mm. » 0.92% 
(Total error — 1.20 mm.) 


2.60 mm. »« 8.00% 




ORIOmAL UNB 8BBN. 


2.66 mm. « 4.01% 


0.36 » 0.66% 
(Total error =« 2.04 mm.) 


3.78 mm. -4.27% 



The conclnsions that I draw from these results are : (1) that 
the error when the two lines are seen is less than when not 
(the case when the lines are drawn equal is no exception if 
we count as we ought the absolute error positive and neg^tiye ; 
these cancel one another in the latter case and so give an 
appearance of greater accuracy); (2) the just perceptible dif- 
ference is greater in drawing the just shorter than the just 
longer lines; (3) the error in drawing lines equal is quite 
smaJly and its effect upon the other results not marked enough 
to appear in these few observations ; (4) the just i>erceptible 
differences are considerably larger than those found witii the 
more usual method. This last I would bring under the 
general law that our powers of execution fall short of our 
powers of discrimination. If the i>sychophysic law is true it 
would appear in this method in the fact that the just i>ercep- 
tible difference would bear a constant ratio to the length repro- 
duced. If I divide the lines into short, medium and long 
lines, I get three just perceptible differences that are approxi- 
mately constant ratios of the average lengths. I desire here 
mainly to call attention to this {Msychophysic method as a 
natural and easy method of obtaining a reliable quantitative 
result, and one easily comparable with the results of other 
methods. 
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S E R I E S SECOND. 
FROM THE AMERICAN JOURNAL OF PSYCHOLOGY, 
Vol.IV^ No. 2. Dec. 1891. 



STUDIES FEOM THE LABOEATOEY OF EXPEEI- 

MBNTAL PSYCHOLOGY OF THE UNI- 

VEESITY OF WISCONSIN. 



Bt Joseph Jastbow, Ph. D. 



I. — ^The JBffeot of Foreknowledge upon Eepetition — 
Times. 

(With the assistance of Frederick Whitton.) 

The experimental contributions to the study of the effect of 
foreknowledge upon the times of simple mental processes may 
be thus briefly summanized. In simple reactions the nature 
of the stimulus is of course foreknown, but the precise mo- 
ment of its appearance and its intensity may be left indefinite. 
It has been found that the omission of a preparatory signal, 
or an irregular interval between signal and stimulus, as also 
are irregular variation between more or less intense stimuli, 
aU lengthen the simple reaction-time. In that form of a 
distinction-time, in which one particular stimulus is to be re- 
acted to but all others are passed without reaction, it is found 
that the larger the number of possible stimuli (and therefore 
the less definite the foreknowledge) the longer the reaction- 
time. In adaptive reactions, with the number of modes of 
reaction constant the time will be longer as each mode of re- 
action is connected successively witii one, with two, with 
three or with more and indefinitely many stimuli ; the stimuli 
may or may not be grouped in classes. In association-times 
Miinsterberg has shown that the. preceding of - a question 
asking for a personal preference or judgipent between a pair 
of objects, by the mention of a dozen or so of the class of 
objects to which the pair belongs, decidedly shortens the time 
of answer to the question, in one series from 947 <^ to 676 <^. ^ 
This last form of experiment is extremely interesting ; it 
seems to show that although we cannot begin to say, for ex- 
ample, whether we prefer peaches to pears, until we have 
heard the full question, — '* apples, plums, cherries, peaches, 
grapes, oranges, x>^^s? ^gs, lemons, dates, apricots, pine 

' For a more detailed account of these points see Jastrow, Time-Rela- 
tions of Mental Phenomena; pp. 15-17, 39-40, 50-51, etc. 
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faculty, functioning as matter, takes on the form of the external 
object, so in ratioiml thought the human faculty, or passive 
reason,' as matter, unites with the conceptual relations tiiat are 
immanent in our percepts, as form, and it is these conceptual 
relations which Aristotle designates as the active reason. 
When the two unite, actual thought is the result. The 
strangeness of this distinction lies in the fact that Aristotle 
attributes the activity that manifests itself in thought to the 
content thought about. From this i)oint of view it would seem 
less correct to say that we think thoughts than that thoughts 
think us. Aristotle says that the passive reason comes into 
existence with the body and perishes with it, and during life 
participates in its states. But the active reason has nothing to 
do with the life of the body ; has no bodily organ ; does not 
come into existence by procreation, but enters 3ie body from 
without ; and is therefore unafiected by the destruction of the 
body. The immortality of this part can have, however, 
little worth for the individual, for it possesses neither memory 
nor self-consciousness. 

Though Aristotle's statements regarding the active reason 
may seem to mark a relapse into dualism, yet his psychology 
as a whole is distinctly monistic. He conceives the develop- 
ment of the soul as running parallel to that of the body, 
and his method is a biological-developmental one. He is a 
keen observer of mental phenomena as well as a profound 
metaphysician ; he brings to bear upon psychology as much 
of anatomy and physiology as was known in his time ; and he 
everywhere brings human into fruitful relations with animal 
psychology. Finally, he delivers psychology from the pre- 
mature influence of ethics, recognizing that ethics depends 
upon psychology, not psychology upon ethics. It is these 
merits which make Aristotle the greatest psychologist of anti- 
quity. 
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apples, — which do you prefer, peaches or pearst," — ^yet the 
time needed for this decision is much shorter than when the 
introductory series of words is omitted. 

The object of the present study was to test this point in a 
much more simple type of reaction, and with a variable num- 
ber of possible stimuli. We selected for this purpose the 
repeating aloud of spoken words, the operator called a word 
and as quickly as possible the subject repeated it, all the words 
used being monosyllables. We found as the average of about 
250 experiments with each of us that the time needed for 
doing tills when the word might be any word whatever, for 
J. J. 269 <y for F. W. 267 <y. We formed lifits of words as 
follows : (a) 100 very common verbs, signifying simple ac- 
tions; (b) 50 common names of animsSs; (c) 20 proper 
names, such as John, Frank, Bess, Kate ; (d) 20 letters 
(omitting b, d, m, n, v, w, as confusing in sound or polysyl- 
labic) ; (e) 10 common French words ; (f ) the ten numbers, 
*one,' ^two,' etc. to 'ten.' Only one list of each class of 
words was used, so that we became increasingly familiar with 
the lists. Before each set of 20 experiments the entire list of 
words from amongst which the words for repetition were to be 
selected, was read aloud. The following table shows for each 
of us the average time needed to repeat words under these cir- 
cumstances. Each result expresses the average of from 240 
to 300 experiments. 

The conclusion thus corroborated is that as the range of pos- 
sible words decreases in extent, as the subjects expectation is 
more and more definite, the time needed to repeat the word 
becomes shorter. It indicates the power and the utility of a 
general direction of the mind in tiie line of a more specific 
operation ; the entrance into the general field of attention as 
preparatory to entering its fovea ; the apperception that pre- 
cedes preception, or in Galton's words, the entrance into the 
ante-chamber of consciousness to prepare the way for admis- 
sion to the audience- chamber. We have here an adaptive 
reaction, each different word forming a distinct stimulus and 
the vocal manipulation necessary to repeat it a distinct 
form of reaction. It would seem that we could not get ready 
to repeat a word until we knew what the word is, and yet a 
knowledge of the possibilities of the case really aids our ex- 
I)ectation and shortens even so simple a process as repetition. 
We perform the coarse adjustment before the stimulus appears, 
leaving only the time'of the fine adjustment to be measured. 
There exists all degrees of definiteness and indefiniteness of 
expectation, of fore-knowledge, and an increase of definite- 
ness to a certain limit brings about a shortening of the men- 
tal processes of recognition and adaptation. 
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While the results are too few and too variable to admit o 
any detailed treatment a few more special points may be 
pointed ont as suggested though not as established. The ex- 
treme regularity of the results, the gradual decrease from 
repetitions of one of an indefinite number of words, to one 
of 100, of 50, of 20 and of 10, is doubtless accidental ; the 
times for rex>eating one of 50, one of 100 or one of an indefi- 
nite number of words, for F.W. and of the latter two for J. J. 
are practically the same, and indicate a limit to the range of 
expectation. To expect one of 100 words seems scarcely a 
more definite attitude than to expect any word whatever. 
With F.W. this seems true of 50 words as well. It seems 
clear that it takes less time to repeat one of 20 words than 
one of 50 words, and least to repeat one of the ten numbers. 
We know the numbers so well as a class and as a series that 
expectation is here most definite. A French word on the 
other hand is relatively unfamiliar, and it takes longer to 
understand and rei)eat it. To obtain the time needed for the 
mental portions of the process alone, we substract the simple 
reaction-times from the repetition-times. How the former 
was obtained will be explained in a note. 

Dr. Miinsterberg has attempted to carry the distinction 
between the ^^ motor'' and the ^'sensory'' form of reaction 
into complex types of reaction ; indicating by the former a 
more special attention to the modes of reaction, by the latter 
a more special attention to the stimulus. Dr. Martins at- 
tempted to repeat the experiments in every detail but failed 
to obtain the distinction. We found it difficult to maintain 
this difference ct attitude in repeating words, and the results 
(see the table above) show practically no difference in our 
causes between the two forms of reaction ; the average of all 
the '' motor'' experiments was for J. J. 245 <y, for F. W. 249 <y, 
of the ' sensory ' for J. J. 249 <y, for F. W. 251 <^. Even in 
the simple reaction the difference is slight ; but in the ordinary 
reaction with a finger-key one of us shows the difference. 
J. J.'s simple reaction to a sound by closing a key with the 
finger is 136 <^ for 'motor,' 162 <^ for * sensory ' ; F. W.'s 133 ^ 
and 137 <^. While these results have probably only an indi- 
vidual significance, yet in our present incomplete knowledge of 
the true nature of the distinction between ' motor ' and ' sen- 
sory 'reactions, they may be worthy of record. Note upon ap- 
paratus and method. Our apparatus and method were gradual- 
ly perfected during the course of the experiments (covering a 
period of eight months) and only such of our results were 
included in the averages given above as were obtained by the 
same method and seemed fairly comparable with one another. 
We began by attempting to speak the word and press the key 
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with the finger at the same moment^ the subject also repeating 
the word and pressing the key as nearly a^possible at the same 
moment. (We used keys of the form to be described in the 
next note^ but later to avoid the noise the caller used a mer- 
cury key). This is also Miinsterberg's method. We soon 
found a very strong tendency to close the key too soon, on the 
part of the reacter, and too late on the part of the caller ; the 
former presses the key when the voluntary impulse is ready, 
when he feels that you know what the word is and what it is 
necessary to do to repeat it, rather than when the vocal mech- 
anism is ready and may act. By this method our times 
were much too short, centering about 200 <y. The simple re- 
action time to a sound by closing a key with the finger was for 
J. J. 148 <^, for F. W. 135 <y. But it is hardly proper to sub- 
tract this from the repetion time to obtain the time of the 
mental process alone. To include the complete mechanical 
process the stimulus must be a vocal utterance with an accom- 
panying closure of the key with the finger and the same for 
the reaction. After much trial we conclude to use a small bit 
of wood held between the teeth and attached to a spring lever, 
«o that the slightest separation of the teeth, (always accom- 
panying utterance) would cause the bit to fiy out of the mouth 
and in so doing to make or break the chronoscope circuit. 
While the key is not free from objections, it worked very well 
and we could observe with it no serious tendency to anticipate 
the true reaction. The simple reaction-times recorded in 
the table were obtained with this key in the following man- 
ner : the observer always uttered the sound '' ah " (explosive) 
and the reacter always used the same sound in reacting, 
so that the simple reaction includes all the mechanical parts 
of the process, and whatever error there is in uttering or re- 
peating is contained in all alike. The difference between this 
and the repetition-time (on the average 68 ^) may thus be re- 
garded as the pure mental repetition process. The further 
details of method and apparatus offer no peculiarities worthy 
of record. 

A l^ovEL Optical Illusion. 
(With the assistance of G. W. Moobehouse.) 
If before a rotating disc composed of a large sector of one 
color and a small sector of another, the two differing con- 
siderably in shade (e. g. a dark blue and a light yellow), a 
rod, held horizontally, be passed up and down, the whole 
disc seems broken up by horizontal parallel bands of a color 
similar to that present in greater proportion ^ This illusion 

* This illusion was first brought to my notice by Dr. Miinsterberg 
upon my visit to his laboratory at Freiburg. I can find no reference to 
it in the literature accessible lo me. 
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is e8x>6cially striking when the component colors are markedly^ 
different, with the lighter color forming only a very small 
portion of the disc, when the disc is in very rapid rotation, 
the rod very slender and its motion moderately rapid. The 
bands appear quite as well if the movement of the rod is 
vertical, oblique, rotary, etc.; the effect of bending the 
rod into a spiral or other fanciful shape and giving it a rotary 
movement is especially striking, the bands always following 
parallel to the outline of the wire. If instead of showing but 
two colors the disc is composed of three or more the bands 
appear each composed of several colors ; and if a disc com- 
posed of small sectors of the seven primary colors be rotated 
each band presents a rainbow-like appearance. This phe- 
nomenon seems especially remarkable when contrasted with 
the universal tendency of successive optical images to fuse. 
The mixing of colors upon a disc is itself a typical instance 
of such fusion. But here there is a sort of separation of 
colors, and that too at a high rate of rotation. For example, 
if two rotating discs were presented to us, the one pure white 
in color, and the other of ideally perfect spectral colors in 
proper proportion, so as to give a precisely similar white, we 
could not distinguish between the two ; but by simply passing 
a rod in front of them and observing in the one case but not in 
the other the parallel rows of colored bands, we could at once 
pronounce the former to be composite, and the latter simple. 
In the indefinitely brief moment during which the rod inter- 
rupts the vision of the disc, the eye obtains an impression 
sufficient to analyze to some extent into its elements this 
rapid mixture of stimuli. The more detailed description and 
possible explanation of this illusion formed the object of our 
study as of the present exposition. It will conduce to brevity 
of description to arrange the several results of experimenta- 
tion under appropriate headings. 

Extent of the Illusion. The illusion apx)ears with any 
pair of colors, provided only that the two are moderately^ 
different ; but the resulting bands are of various degrees of 
distinctness according to the colors used. The result is 
clearest when the colors are strougly contrasted ; we experi- 
mented successfully with red, yellow, blue, green, black, 
white, etc., in various combinations. Of a series of seven 
shades of green, numbers **one" and '*two'' were very 
dark, number *' three '' considerably lighter than " two,'' and 
the rest all very light with only slight differences between 
them. The bands could not be observed with a combination 
of *' one " and '' two '' nor with any combination of ** four,'' 
''five," "six," or ''seven," but in all other combinations* 
the contrast was sufficient to cause the illusion. By a differ- 
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ent method, to be described below, we succeeded in more 
accurately determining the amount of contrast needed to pro- 
duce the illusion. 

Proportions of the Component Colors. In a disc composed 
of dark red and light yellow, the bands could just be seen 
when a sector of 12° of red was combined with 348° of yellow, 
and remained visible with a decrease of yellow and an in- 
crease of red until only 3° of yellow and 357° of red were 
present. With red predominating the bands are also red but 
of a red darker than the general color of the disc; with yellow 
predominating the bands are yellow but of a yellow lighter 
than the resulting mixture. The darker bands are always 
more easily seen and clearer than the light ones, and hence a 
smaller sector of yellow with red than of red with yellow is 
needed to produce the illusion. We should infer that there 
would be a ratio of the two colors at which the bands would 
be neither darker nor lighter than the background ; and in 
fact there is quite a range of ratios for which tiie bands are so 
nearly the color of the background that they are difficult to 
observe. This range differs for different combinations of 
colors ; for our red and yellow the critical point is about 110° 
of red and the rest yellow. With more red than this the 
bands become more and more deeply red, and with less red 
more yellowish ; to this extent the statement that the banda 
are of the color predominating in the disc must be modified. 

Effect of the Width and the Rate of Motion of the Interrupt- 
ing Rod. The general effect of an increase in the width of the 
interrupting rod was to render the illusion less distinct and 
the bands wider ; moreover the illusion is more limited in 
range, i.e., it is confined to a narrower range of rotation ratea 
of tlie disc and the like. While with a fine wire about a milli- 
meter in diameter, the bands are sharply outlined and strik- 
ing, with a stick 4 mm. in width they require somewhat of 
a strain to continuously observe them. 

Maintaining the rotation rate of the disc as nearly constant 
as the clockwork that runs it will allow, we may vary the 
rate of passing the rod to and fro with characteristically 
different results. Moving the rod across the disc six inches- 
in diameter, so that each movement from up down, and from 
down up, corresponded with the beat of the metronome beat- 
ing 208 times per minute, the bands were about f inch apart, 
with the metronome at 160 per minute about J inch apart ; 
with 108 per minute i in.; with 80 per minute J inch ; with 60 
per minute less than yV inch. In other words the bands are 
separated by smaller and smaller spaces as the rate of move- 
ment of the rod becomes slower and slower. The distances 



Digitized by 

4 



Google 



204 STUDIES FBOM UNIVEESITY OF WISCONSIN. 

between the bands were estimated by free-hand drawings and 
then verified by comparison with the rotating discs. 

Analysis of the Factors of the lllvMon, Allowing the 
above to suffice as a general explanation of the extent of the 
illusion, we may proceed to an analysis of its component 
factors. The factors are (a) the apx>earance not of one band 
but of several ; (b) the distance between the bands ; (c) the 
color of the bands ; (d) the width of the bands ; (e) the color 
of the interrupting rod 5 (f ) the width of the interrupting rod; 
(g) the rate of movement of the interrupting rod ; (h) the 
rotation-rate of the disc ; (i) the nature and proportion of the 
component colors. It will thus be seen that the illusion is 
quite complicated. As an important step towards its ex- 
planation, we will consider first, 

The Time-Relations of the Illusion. This involves the 
factors (a), (b), (g), (h). Before proceeding further it will 
be necessary to describe another method of producing the 
illusion, without which its explanation would have been im- 
possible. This consists in sliding two half discs of the same 
color over one another leaving an open sector of any desired 
size up to 180° and rotating this against a background of a 
markedly different color, in other words we substitute for the 
disc composed of alarge amount of one color, which for brevity 
we may call the *' majority color," and a small amount of 
another, the ''minority color,'' one in which the second color is 
in the background and is viewed through an opening in the 
first. With such an arrangement we find that we get the 
series of bands both when the wire is passed in front of the 
disc and when passed in back between disc and background ; 
and farther experimentation shows that the time relations of 
the two are the same^ (There is of course no essential 
difference between the two methods when the wire is passed 
in front of the disc.) These facts enable us to formulate our 
first generalization, viz., that for all purposes here relevant 
the seeing of a wire now against one background and then 
immediately against another is the same as its now appearing 
and then disappearing; a rapid succession of changed 
appearances is equivalent to a rapid alternation of appear- 
ance and disappearance. Why this is so we are unable to 
say, but the fact itself seems well established, and is both 

' Of course when the wire is passed between the disc and back- 

f round the distinctness of tlie wire depends upon its contrast with the 
ackground; it appears of its true color modified by its appearance on 
the background and by the rotating disc through which it is seen, but 
it does not assume the contrast effects assumea by the rod moved In 
front of the disc. The time-relations in the two cases are the same but 
the color-phenomena considerably different. 
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novel and interesting. By this **open disc'' method we 
are enabled to study the illusion independently of color, by 
having the disc of white against a white background with the 
rod moving between disc and background. In this case, as 
in the others, we see several rods or bands, and the suggestion 
is natural that we are dealing with the phenomena of after 
images ; in other words we see the rod through the opening 
in a certain position, then for a brief time lose sight of it, 
then see it again in a slightly difierent position and so on, 
the after image of the one view not having faded out when the 
second view is obtained. If this is the true explanation of 
the fact that several rods are seen, then we should — ^with 
different rotation rates of disc and rod — see as many rods as 
multiplied by the time of one rotation of the disc would yield 
a constant, i.e., the time of an after image of the kind under 
consideration. The result of about 20 such tests with vary- 
ing rates of the disc was the following : 

J jr. Q.W.M. 

Averaf e time of rotation of disc when 2 images of the rod were seen .0812 s^c. .0750 sec. 

3 " *' " " .0571 " .0606 ** 

»i ». u u ii 4 i* 4i u 4* 0460 '* .0367 *' 

" " " " " 6 " " " " .0360 ** .0293 »* 

♦♦ ♦* " ^ *« " 6 ** " ** ** .0302 " .0282(1)" 

Multiplying the number of rods by the rotation rate we get 
for J.J. an average time of after image of .1740 sec. (a little 
over I sec.) with an average deviation of .0057 (=3.2%); for 
G.W.M. 1492 (a little over ^ sec.) with an average deviation 
of .0036 (=2.6 %). An indepentent test of the time of after- 
image of J.J. and G.W.M. by observing when a black dot on 
a rotating white disc just failed to form a ring resulted in 
showing in every instance a longer time for the former than 
for the latter. 2 

It has already been observed that the distance between the 
bands diminishes as the rotation rate and the rate of move- 
ment of the rod increases ; this suggests that the distance 
between the parallel bands is that moved over by the rod 
during one rotation of the disc. This we tested with various 
rates of disc and rod by spreading a pair a compasses until 
they seemed to span the distance between the bands. The 
following is a comparison of the actual and the theoretical 
result under this hypothesis : 

^ There is a farther point to be considered here, viz. : the size of the 
aperture, when nothing different is said it was 21°. We repeated some 
of the above experiments, however, with apertures of 10i° and of 42°, 
obtaining the same results. 

* For the method of timing the disc see Note A. The rod was 
moved between parallel bars to the beats of a metronome. 
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Considering the difficulties of the observation these agree- 
ments are extremely close. Having now accoanted for the 
width of the bands, the distance between them, the fact that 
several are seen, it remains to examine certain general con- 
ditions of the illusion and more particularly the color factors 
of it. 

The Color Factors of the Illusion. A brief acquaintance 
with the illusion sufficed to convince us that its appearance 
was due to contrast of some form, though the precise nature 
of this contrast is the most difficult point of all. It has al- 
ready been observed that the two component colors must be 
somewhat difl[erent to produce the illusion and that the bands 
are darker when the majority color is darker than the minority 
color, and is lighter when tiie former is lighter. By the fol- 
lowing device we succeeded in determining the minimum 
amount of difference between the colors that would produce 
the illusion : we used an open disc of light green (aperture 
21^ ) in front of a back ground of the same color and used 
with the green disc a variable sector of black. When moving 
a rod in front of this combination we always observe a series 
of light bands due to the presence of the large amount of 
green with a little black, but as the black gains a certain pro- 
portion, we observe in addition a series of dark bands due to 
the contrast of the resulting darker green (mixture of light 
green and black) with the light green of the back ground. 
We have now only to vary the black till these darj^er bands 
may just be seen j this critical point with the colors used 
proved to be about 24^ of black added to 315° of green, or 
^^^ darker'' if we may use that expression. It need hardly 
be added that the aperture exactly corresponds to the minori- 
ty color and requires no special consideration. 

Colors differ in two senses, in the fact that they are formed 
by different wave lengths, and that they contain more or less 
black. We have shown that colors differing only in the latter 
respect produce the illusion ; it remains to be seen whether 
difference of color alone will produce it. We have the fol- 
lowing evidence that it will not : (1) We were able to select 
a dark red and a dark blue, which did not give the illusion, 
but in which the substitution of slightly different red or blue, 
brought it out ; (2) the same is true of a light green and light 
yeUow ; (3) in many cases while not succeeding in obtaining 
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-colors that would cause the illusion to disappear, we succeed- 
ed in finding for any given color a second with which the 
illusion is faint, and (4) we can effect this more systematical- 
ly by combining with one of a pair of colors yielding the 
illusion sufficient white or black to cause it to vanish. In a 
vague and popular sense we call a given red lighter or darker 
than a given blue, but the physicist (as we understand it) 
has no accurate determination of this impressionist estimate ; 
perhaps for ordinary empirical purposes it would be of ad- 
vantage to call two colors equally dark when they fail to give 
the illusion now under discussion. 

There is a factor in the illusion not yet considered, viz., the 
color of the interrupting rod. Heretofore this has been a 
copper wire ; and whenever the illusion is distinct the color 
of tiie wire is of very slight importance, but when it becomes 
difficult to observe, then wires of certain colors will produce 
it and of others will not. The general outcome of much ex- 
I)erimentation with colors hardly sufficiently contrasted in 
shade to produce the illusion is this, that with the component 
colors both rather dark, whether in proportions giving a 
light band or a dark one, dark wires will produce it, but light 
ones will not, with the component colors both light, light 
wires will produce it but dark ones not.^ We are unable to 
bring this result into harmony with the ordinary laws of con- 
trast, and must be content to give the empirical result without 
explanation. 

We have but one further mode of observation that sheds 
light on the present point. We can obtain the illusion quite 
as well by substituting for the disc a cylinder covered by a 
strip of colored paper with a small strip of another color cross- 
ing it. We happened to use a rubber band to hold the se- 
cond strip in place and noticed a deep contrast band parallel to 
the rubber when in rotation. We substituted a lead-pencil mark 
for the rubber and still obtained the deep band, this hand 
being of the same color as the hands produced by passing a 
rod before the disc or cylinder. A lead-pencil mark on the 
disc will have the same effect. We observed however that 
this api>eared only when the line passed across the color pres- 
ent in lesser proportion, which at once suggested (conform- 
ably to the experiment with the open disc) that the bands are 
originated during our vision of the minority color. . We tested 
this by fixing a strip of brass to the disc in such a way that 
it could be made to rotate on its own centre (by striking 
against a fixed point) during the rotation of the disc. This 
device replaced the rod and caused the illusion so long as it 

' The different colors of wire were Bimply insulated wires with the 
colors of the insulation different. 
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was fixed to the minority color but not when fixed to the ma- 
jority color. This offers some clue to the kind of contrast 
involved in the illusion but still leaves room for a satisfactory 
explanation. 

The chief points of our study may be thus resumed : 

(1.) The illusion appears whenever the component colors 
are moderately contrasted in shade, and the one is present in 
distinctly greater proportion .than the other ; a difference in 
color, but not in shade, does not produce the illusion. 

(2. ) For all purposes affecting the illusion (except certain 
points of color) alternate appearances of an object against dif- 
ferent back grounds is equivalent to alternate appearance and 
disappearance of the object. 

(3. ) The fact that several bands are seen is due to the per- 
sistence of the after image. 

(4. ) The distance between the bands is the distance through 
which the rod has passed in one revolution of the disc. 

(5.) With the majority color darker than the minority co- 
lor the bands are darker than the resulting mixture, and light- 
er when the majorily color is the lighter. 

(6.) The width and rate of movement of the rod as well as 
the rotation-rate of the disc determine the width of the 
band ; the color of the rod becomes important when the illu- 
sion is diffcult to obtain, it then appearing that with the dark 
colors a dark rod is better, with light colors a light rod. 

(7.) The bands originate during the vision of the mi- 
nority color. 

(8.) The contrast effect of the bands (while not satisfac- 
torily explained) may also be obtained by a mark upon the 
minority color. 

Accessory Apparatus for Accurate Time-Measure- 
ments. 
.(With the Assistance of Frederick Whixton.) 
A large portion of the measurement of the times of mental 
processes has been accomplished with the aid of the Hipp 
chronoscope ; the objections to the use of this apparatus are 
the difficulty of its regulation and the possible sacrifice of ac- 
curacy to convenience. To secure accuracy, the chronoscope 
must be constantly controlled, and for this purpose complex 
devices have been resorted to for ensuring constancy of condi- 
tions and the like. ^ To simplify the method of control we 

^ The apparatus supplied with the chronoscope is altogether defective, 
the mechanical release of the ball is bad, the measurement of the f aUins^ 
height uncertain, the catch by which the circuit is closed imperfect and 
slow. In addition to these mechanical defects, the range of height is much 
too meagre. See Wundt's note to the same effect. Phys. Psych., 3d ed., 
n. p. 276. Note. 
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succeeded after many trials and failures in perfecting a piece 
of apparatus by which the error of the chronoscope could be 
readily and accurately determined. In all methods in which 
the control consists in timing the fall of a ball (and this too 
is our method), the general problem is this: two pairs of 
events are to occur simultaneously, first the ball to begin its 
fall and the hands of the chronoscope to moye, and then at a 
definitely measurable point of the fall, the hands of the chronos- 
cope are to stop. The difference between the present and all 
other methods of securing this end (and to which we think 
its success is due) is that this simultaneity is obtained not by 
allowing a magnet to release a ball and also a blade held against 
the action of the spring or the like, but by the use of a special 
form of key. A simple movement of this key serves to make 
one of two independent circuits and to break the other at the 
same moment. The explanation of this key will be easier if 
preceded by a description of the form of key used almost ex- 
clusively in this laboratory for finger reactions. It is a key 
that when once closed remains closed and when opened 
remains open ; this gives the advantage of having the clos- 
ing and opening movements the same, and allows this move- 
ment to be the very natural one of quickly tapping the key 
and then withdrawing the hand. A brass arm CC pivoted at 
its centre upon a brass upright terminates above at each end 
in a hard rubber button BB\ and below in a brass point XX' \ 
projecting from the board upon which the whole is mounted 
are two brass points TY for the purpose of making or break- 
ing contact with XX' ] finally there is fastened to the arm 
CC a wedge- shaped piece of brass playing between the notches 
1, 2. The key as pictured is ready to be used to break a cir- 
cuit, made through the point X' connected with the binding-post 
P', and the point central support connected through the appar- 
atus with the binding-post P. A simple pressure of the finger 
at JB^ breaks the contact at X' y, and forces the wedge into the 
position (2), in which it is securely held by the notch (2). 
When in this position it is ready to be used to make a circuit 
by a pressure upon B'] it can only assume one or the other of 
these two positions, and in either case is securely held in 
place. ISow imagine that the button B^ instead of being of 
hard rubber is of brass, and imagine the end of a second brass 
lever at right angles to CC in position to press down upon 
B' and thus establish a circuit between B' and the second 
lever ; imagine further that the blow of this second lever upon 
JB* is given by the release of a strong spring that holds every- 
thing firmly until X comes in contact with F, and the 
apparatus is complete. A release of the spring thus estab- 
lishes one circuit through B and the second lever which sets 
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the chronoscoi)e going, and at the same moment the ball be- 
gins to fall by the breaking of the circnit at X T*. The cir- 
cuits are entirely independent and supplied by different bat- 
teries. To test the simultaneity we make our connections so 
that the making of the one circuit sets the chronoscope going 
and the breaking of the other stops it ; and in no case did the 
chronoscoi)e hands show the slightest tendency to move. 




The apparatus controlling the fall of the ball is simple. An 
electro-magnet tapering to a point at one end is tightly held 
in a bracket, adjustable along a vertical slide, which in turn 
is securely fastened to the window frame. It is important 
that all parts of this be strong and securely fixed to tiie wall 
of the building. The slide is 6 to 7 feet high so that a fall of 
.6 to .7 seconds can be measured. From the value of g at 
Madison we calculate from the formula s=^ g t ^ the heights 
at which the ball should just consume .1, .2, .3, .4, .5 and .6 
seconds in its fall and mark these points on the millimeter 
scale along the slide, making our readings by aid of a fine 
wire. The ball of soft iron about f of an inch in diameter is 
held at the tip of the magnet and in its fall strikes against 
the arm of a well-balanced lever, and thus severs an electrical 
connection by which the clock comes to a standstill ; while 
the distance between the upper surface of the lever and the 
lower surface of the ball is the space fallen through in the 
measured time. Two further points may be noted ; first to 
find the zero point on the scale let the magnet hold the ball 
and move the bracket down until the ball just touches the 
lever sufficiently to break the connection, and mark the point 
opposite the wire zero ; second, use three or four thicknesses 
of tissue-paper between the ball and the magnet to separate the 
surfaces and thus diminish the time of demagnetization. 
With this apparatus one can without assistance take half a 
dozen records at different points in as many minutes ; and 
in the work described above ten observations were re- 
corded before and after each day's work, from which the 
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error of the chronoscope lor the day was calculated. As the 
obserYations were taken from all six positions — .1 to .6 sec. 
(in the latter portion of the work for four positions) we could 
determine whether the error was constant or relative and 
found the former to be the case. Throughout a period of six 
months^ during which the chronoscope was tested, its maxi- 
mum error was .006 seconds and the average error about .002 
seconds. The position of the springs regulating the chrono- 
scoi>e was always noted and by changing these the error 
could be reduced to practically zero. But we aimed not at 
absolute accuracy but at an accurate determination of our 
daily error. This apparatus has proved itself so easy of 
manipulation and so time-saving, that its use is confidently 
recommended to experimental psychologists. 

Note A, — On the Timing of Rotating Discs. A' simple and 
fairly accurate means of determining the rate of rotating 
discs, especially of those rotating by clockwork, has long 
been a desideratum. The ordinary si)eed-counter is out of 
the question on account of the great friction involved. The 
''interruption-counter" inventeid by Dr. Ewald of Strass- 
burg is a device by which each making of an electrical circuit 
moves the hand of a dial just one division, the dial showing 
100 divisions ; its original purpose was to count the vibrations 
of a tuning fork and thus to serve as a convenient form of 
chronoscope. It is capable of counting the vibrations of a 
fork with a vibration-rate of 100 per second, but for this, 
great delicacy of manipulation is necessary. Its adaptation 
to the present purpose is simple, though quite a number of 
devices were attempted before the simple one was obtained. 
Two small platinized tips were soldered at opposite points on 
to the circumference of the wheel of the clockwork next to 
the one to the axle of which the disc is attached. A light 
brass blade, also platinized, is suspended from above with a 
tiiumb-screw regulation, so that tiie tips on the wheel just 
make a contact with it as they pass it. As this second wheel 
revolves once to every eight rotations of the disc we can count 
to the nearest four rotations, which is quite accurate enough. 
By increasing the tips we can count every two or every 
rotation, though the adjustment must then be finer. We 
allow the current to run through the counter for 15 seconds 
(as counted by the second hand of a watch) by closing and 
releasing a mercury key. We also devised a method by 
which the timing was done automatically and so one person 
could observe the disc and take the time measurements as 
well. This consisted in fastening to the ends of an ordinary 
revolving drum a circular piece of paper with a strip extend- 
ing over about 180° cut out ; by placing the end of a fine wire 
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opposite this paper it is easy to arrange one's circuits so that 
during the time the wire touches the brass of the drum the 
counter is recorded, while for the rest of the revolution of the 
drum the current is intercepted by the paper ; finally we set 
the drum so that the time of contact is a convenient one, say 16 
sec, and when we see the contact approaching close, we lock 
the key and go on with our observation. The counter then of 
itself begins to record, does so for exactly fifteen seconds 
and stops ; and we can make the reading at our leisure. For 
all these purposes the counter proved itself an exceedingly 
valuable apparatus. 

As this is one of the first of these instruments to be used, 
our experience with it may be of advantage to others. Its 
two defects are that the wire on the magnets is too fine, thus 
causing an excessive resistance, and that the spring by which 
the magnet blade is withdrawn is not adjustable. After 
remedying these defects we were able to successfully manipu- 
late the instrument with a single storage cell battery and 
very little trouble. We also tested the apparatus with a 
tuning fork of 100 per second and found it reliable. If the 
instrument were made as large again its efficiency would be 
increased. 

Note on a device for color mixing. One objection to the 
ordinary method of mixing colors by forming sectors of them 
upon a disc and rapidly rotating it, is that while the mixture 
is produced one cannot readily compare the result with the 
original component colors. It is as a corrective of this defect 
that the following device is suggested. It consists simply of 
using a half disc (or any other desired portion most easily 
obtained by sliding two half discs or four quarter discs upon 
one another) of the one color and during its revolution hold- 
ing the other color in back of it to one side. Then on either 
side you have the original colors, and where the two overlap 
the resulting color ; if the colors be red and blue, you have 
before you on either side the red and blue and between them 
a purple. One can hold two (and with proper arrangements 
more) different colors in back of the same rotating disc and 
thus show for instance the mixture of blue with red and blue 
with yellow and the original blue, red and yellow all 
clearly displayed in line. One can show the mixture 
of an entire series of colors with the same color with- 
out stopping the disc, and for matching a given color 
with a resulting mixture this is especially convenient. With 
two rotating discs, overlapping upon a common background 
one can show the result of mixing three colors and the three 
original colors at the same time, but there the manipulation is 
no longer so simple. The method is easily adapted to the 
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lasion of other visual impressions and is particularly suited 
to class-room demonstration. A cl#Bkwork for rotating the 
disc is a great convenience in the experiment. 

The Psyohophysio Series and the Time-Sense. 

(With the assistance of W. B. Cairn^s.) 

In an earlier paper reporting the studies made in this 
laboratory (Amer. Journal of Psych., Yol III, 'No. 1, pp. 
44-49) it was shown that when we attempt to sort out sizes of 
sticks into six or nine magnitudes, either by the eye or by 
passing the finger over the sticks, the result is that the 
average lengths of the sticks of the several magnitudes are 
separated by approximately equal differences; i. e., they 
form an arithmetical series. This method was spoken of as 
that **of the psychophysic series," and consists simply in 
distributing according to a general impression a large 
variety of sense-impressions into classes or magnitudes ; it is 
also the method by which the stars were divided into their 
magnitudes. If the psychophysic law holds when thus tested 
the result would be, as it notably is, in case of the stars ^ that 
the ratios of the averages of neighboring magnitudes would be 
constant, i. e., would form a geometrical series. A sugges- 
tion of an explanation of the applicability of the law to star 
magnitudes and its failure in magnitudes of extension both 
visual and tactual-motor, was recorded in the former study in 
the following words: The law may be expected to apply to 
'' such sensations as are appreciated en masse, and with not 
too distinct a consciousness of their intensity [or extension] ; 
when the sensation is a sort of impressionist reception of the 
gross sensation without dividing it up into units, or conceiv- 
ing it as so composed, we may expect the law to hold good. 
This would be the case with the rough estimations of star 
brightnesses.'' To further test this point of view we experi- 
mented with the i)erception of time- intervals, in which as in 
the estimation of star magnitudes there is an unanalyzed 
appreciation of the interval, without regarding it as com- 
posed of constituent units ; and for which, according to the 
above suggestion, the law should hold good. 

Accordingly we set a metronome at one of many intervals 
and asked the observer after he had listened to its beating as 
long as he desired in order to determine his judgment, in 
which of six classes of intervals he would place it. At the 
outset the observer was allowed to listen to the slowest inter- 
val, 40 per minute, and to the fastest, 208 per minute, and to 

* See the proof of this in an article Vol. I, No. I, p. 112 of this 
Journal. 
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imagine this range divided up into six grades or magnitudes. 
At first the assignments are somewhat vague and variable but 
they soon became relatively fixed^ though there is consider- 
able overlapping of the various magnitudes even in the best 
observers. Much of this is undoubledly due to contrast, an 
interval following a very long one seeming shorter than it 
would if following a short one, and the like. We used inter- 
vals rising by 2 per minute from 40 to 120 -pev minute, by 3 
per minute from 120 to 144, and by 4 x>er minute from 144 to 
208, thus using in all 63 intervals. These were written on 
small square cards and three sets of such, or 189 cards, were 
used at one sitting with each observer, the cards being tossed 
in a box and drawn at random, and the metronome set accord- 
ing to the number drawn. The longest time intervals, i.e., 
from 1.6 seconds down were called magnitude I, and the 
shortest from .29 seconds up, magnitude YI; the observer sat 
with his back to the metronome, knew nothing of the exx>eri- 
ment except what were the longest and the shortest intervals, 
and simply called out the number of the class to which he 
assigned the given interval. Three such full sets of nearly 200 
observations were made on one observer, two each upon two 
others, and one each on three others, making ten in all. 
When the results are obtained we collect all the intervals 
assigned to each of the magnitudes and find the average 
duration of the magnitudes of that interval, which averages 
will serve as the basis for the present discussion. 

In the accompanying table are shown for each set of obser- 
vations the average number of beats per minute of each mag- 
nitude, with the number of observations contributing to that 
average following it in small figures the successive differences 
"and ratios of these magnitudes, and the average of these dif- 
ferences and ratios together with the average deviation from 
them expressed in percentages. At the foot of the table a 
similar series of weighted averages (i. e., results of multiply- 
ing each average by the number of observations and dividing 
by the total number of observations), is given, combining all 
the observations, and this we shall first consider. To test 
whether the series approaches an arithmetical or a geometri- 
cal series, we have simply to compare the constancy of the 
differences with that of the ratios. This may be done with 
sufficient accuracy for the present purpose by finding for 
each of the five results the differences from their average, di- 
viding this by five, and expressing it as a i)ercentage of the 
average of the five differences, or the five ratios. We thus 
see that while the average variation from a constant difference 
is 24.8 per cent., the average variation from a constant ratio 
is only 4.2 per cent., indicating a decided approximation to a 
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Magnitudes. 


I. 


II. 


m. 


IV. 


V. 


VI. 






W.B.C. 


50.1» 


73.0- 


94.6>« 


112.6»* 


142.2« 


181.8»» 


Arer- 
Age. 


Deviation 


Batto. 


I. 


DifferenceB, 
Ratios, 


22.9 
1.437 


21.6 
1.299 


17.9 
1.190 


29.7 
1.264 


49.6 
1.330 


28.3 
1.304 


w 


1:6.51 




W.B.C. 


44.6« 


67.6» 


96.1** 


119.0» 


161.0«* 


185.2" 




n. 


Differences, 
Ratios, 


23.0 
1.601 


27.6 
1.423 


23.9 
1.261 


32.0 
1.274 


34.1 
1.226 


28.1 
1.335 


13.0% 
7-6% 


1:1.71 




W.B.C. 


48.1« 


67.9» 


96.0« 


116.9*« 


160.8« 


190.8" 




ni. 


Differences, 
Ratios, 


J19.8 
1 1.412 


28.1 
1.414 


19.9 
1.207 


44.9 
1.388 


30.0 
1.187 


28.5 
1.322 


^a 


1:3.20 




J.J. 


48.0«> 


64.1" 


89.2» 


106.4»» 


140.6» 


186.1" 




IV. 


Differences, 
Ratios, 


16.1 
1.336 


26.2 
1.392 


17.2 
1.193 


34.1 46.6 
1.320 1.326 


27.6 
1.313 


vi 


1:9.57 




J.J. 


60. 


6» 


77.r» 


97.6» 


118.6«> 


146.0" 


184.1" 




V. 


Differences, 
Ratios, 


27.1 
1.636 


19.9 
1.266 


20.9 
1.214 


27.6 
1.232 


38.1 
1.261 


26.7 
1.300 


w 


1:2.57 




R.H.T. 


44.2» 


67.9» 


74.0*' 


92.2** 


131.4*« 


176.3** 




VI. 


Differences, 
Ratios, 


13.7 
1.310 


16.1 
1.278 


18.2 
1.246 


39.2 
1.425 


44.9 
1.342 


26.4 
1.320 


s 


1:12.66 




R.H.T. 


44. 


410 


64.0'' 


81.8** 


105.0** 


132.7" 


178.9" 




vn. 


Differences, 
Ratios, 


9.6 
1.515 


27.8 
1.216 


23.2 
1.284 


27.7 
1.264 


46.2 
1.349 


1 26.9 
1.326 


« 


1:4.73 




P.St.W. 


48.1" 


69.4» 


98.0»* 


123.6>' 


157.6* 


183.1" 




vm. 


Differences, 
Ratios, 


21.3 
1.443 


29.6 
1.427 


26.6 
1.261 


33.4 
1.270 


26.1 
1.166 


27.2 
1.313 


f& 


1:1.70 




S.S.B. 


49.1»* 


69.0^ 


96.3*« 


122.6'» 


158.7« 


193.0" 




IX. 


Differen 
Ratios, 


oes, 


19.9 
1.405 


26.3 
1.381 


27.3 
1.286 


36.1 
1.294 


34.3 
1.216 


28.8' 
1.316 


17.8% 
4-6% 


1:3.87 




S.D.J. 


49.8» 


77.1» 


98.2» 


120.3*0 


163.7« 


188.9" 




X. 


Differences, 
Ratios, 


27.3 
1.648 


21.1 
1.274 


22.1 
1.225 


33.4 
1.277 


35.2 
1.223 


27.8 
1.308 


f& 


1:2.68 


It 


Welrfited 
Averafce. 


50.0" » 


69.6*^ • 


93.6^0 


1113" • 


147.730 • 


I85.l«* 




Differences, 
Ratios, 


19 6 
1.392 


24.0 
1.345 


20.7 
1.221 


331 
1.292 


374 
1.253 


27.0 
1.301 


IS 


1:6.90 
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geometrical series, and therefore, according to expectation, an 
obedience to the psychophysic law. In the last column of all, 
the ratios of each pair of average deviations are given, and 
for the general result (accepting this rough mode of compari- 
son), we have this, namely, that the approximation is six 
times (5.90) as dose to a geometric as to an arithmetic series. 
We may instructively note too a few peculiarities of these 
results; first, that while the ratios of neighboring magni- 
tudes are approximately constant, there is a tendency for 
these ratios to decrease slightly from I to VI, or to increase 
in passing from short intervals to long ones. A precisely 
similar result is found in the case of star- magnitudes ; and in 
the latter case the observations are suflBiciently extended and 
regular to warrant an emperical formula expressing the rate 
of increase of this ratio, with an increase in brightness of the 
star-magnitudes. Moreover, two further irregularities re- 
corded in the study of star-magnitudes reappear in the present 
study. The first is that at one extreme the ratio tends to be 
unusually large, and at the other unusually small. This is 
due to the limitations of the series, and the fact that were 
there another magnitude at each end of the series, some inter- 
vals now placed in I or VI would be placed in the class below 
I, or in that above VI. The errors thus induced are evidently 
opposite in direction. The tendency is more marked in the 
star observations than here, but if we note the individual 
results we see that in seven of ten cases the ratio of I to II is 
markedly larger than the others, and in five cases the ratio of 

V to VI is appreciably smaller than the others. These pecu- 
liarities are good evidence of the similarity of the psychologi- 
cal processes employed in sorting stars and in classifying 
time-intervals with magnitudes. A marked peculiarity of 
the present series (and one that interferes seriously with its 
regularity), is the tendency to make only a slight division be- 
tween intervals assigned to III and those assigned to IV, but 
a marked one between those assigned to IV and those to V. 
This tendency is present in niije of the ten sets, and is marked 
in six, and so can hardly be accidental. It seems to depend 
upon a habit of viewing III and IV as medium intervals, while 

V is already a short interval. A closely similar irregularity 
was found in the estimations of the star-magnitudes of Ptolemy 
and Sufi. 

Eegarding the individual results we notice considerable ir- 
regularity, some individuals maintaining the law much more 
closely than others, as is observed most readily by a view of 
the last column of the table. That much of this irregularity 
is due to the paucity of observations is indicated by the fact 
that the average deviations in the combined sets I, II, III, of 
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W. B. C, IV, V, of J. J. and V, YI, of E. H. T.,are smaller 
t^an the average of the group of three or of two sets. Thus 
for W. B. O.'s three sets the average variation from a con- 
stant ratio is only 4.8 per cent., in J. J.'s two sets 4.2 -per 
<5ent., in E. H. T.'s two sets 3.3 per cent., while the ratios of 
the average variations from a constant difference and a con- 
stant ratio becomes as 1:5.54, 1:6.62 and 1:10.97. It should 
also be noted that the number of intervals assigned to each 
magnitude differs considerably. In the general average the 
deviation from the average of 31.3 for each magnitude is 13.4 
I)er cent, m and IV have most intervals assigned to them 
(perhaps because many doubtful ones are naturally assigned 
to the medium magnitudes). I and II have fewest. 

One further point may be mentioned as supporting the sup- 
position that with a more conscious analysis of time-intervals, 
with the establishment of a habit of estimating time by sec- 
onds, the tendency to follow the geometrical series will be 
diminished. Thus it is quite noticeable that the first sets of 
all three observers who went through more than one set ap- 
proach more closely to the psychophysic series than the later 
ones, the average deviations in the two cases being about as 
4 to 7. Perhaps this is accidental, but it certainly suggests 
a departure from the impressionist method of estimating in- 
tervals with which we set out. Of the remaining three 
records VIII is unsatisfactory and was so noted at the time, 
while IX and X are records of observers accustomed to astro- 
nomical work, in which the second and half-second interval is 
important. The acquired habit of analyzing time intervals 
according to standard units may thus account for their slight 
tendency to follow the psychophysic series in their case. 

The result of tiie present study thus goes to support the 
suggestion that when we estimate sensations roughly and on 
general impressions, without comparing them with standard 
units, we naturally, though unconsciously, make use of a 
geometrical series. We make relative distinctions rather than 
absolute ones, and this is the natural basis of the psychophysic 
law. While the process is a rough one, and is often accom- 
panied by much hesitation and little confidence, the average 
results are fairly clear, and add one more to the many illus- 
trations of the statistical regularity of apparently lawless and 
entirely unconscious mental tendencies. 

The Psychophysic Series and the Motor Sense. 

<With the agsistance of Augusta A. Lee (Mrs. Charles Giddings). 

As a further application of the method of the psychophysic 
series we experimented with a form of movement in which 
^th the forearm supported at the elbow as a pivot the hand 
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moved laterally for practically any distance from 5 to 190 
millimeters. The extent of the movement was limited and 
measured in the following way : The hand held a glass pencil 
and supported the same along a straight edge, the i>encU fur- 
thermore moving in the ridges of very finely grooved glass. 
Over this glass was mounted a skeleton trkmgle about 6 
inches across the base and 20 inches in altitude, and the whole 
moved in a slide to or away from the hand holding the pencil, 
such movement limiting the pencil to movements of varying 
length between the sides of the triangle and parallel to its 
base. A scale at the side indicated for each position of tlie 
triangle the distance moved over by the pencil. After allow- 
ing the subject to move over the shortest and the longest dis- 
tances he was asked to mentally divide this range into six 
classes or magnitudes, and assign the various distances pre- 
sented according to the i>erceptions gained through the sense 
of motion (sight was of course excluded), to the various mag- 
nitudes. Though the average lengths of these magnitudes 
present considerable irregularity, they very clearly show that 
they do not accord with the psycho-physic law and that they 
roughly approximate an arithmetical series. The averages 
themselves, together with the number of observations contrib- 
uting to the average, are given in the following table : 

I. II. ni. IV. V. VI. 

A.A.L.(1) 14.8(47) 40.6(46) 76.6(28) 100.6(18) 136.8(21) 166.8(20) 

A.A.L.(2) 20.9(42) 58.6(34) 93.7(26) 123.4(15) 162.0(12) 169.6(13) 

E. 13.6(16) 36.6(20) 70.7(26) 110.7(16) 184.8(17) 168.6(6) 

H. 15.7(27) 48.3(28) 80.3(28) 121.4(18) 166.6(13) 181.0(8) 

J.(l) 9.6(22) 30.6(44) 60.6(46) 89.1(33) 120.4(24) 144.8(39; 

J. (2) 7.8 (13) 26.0 (26) 53.6 (30) 84.6 (26) 112.5 (13) 150.9 (34) 

To show how far these results favor an arithmetical and 
how far a geometrical series it will perhaps be suflBicient to 
state the average deviation from a constant difference and 
from a constant ratio of each of these series, expressed as a 
percentage of the average difference and the average ratio 
of neighbDring pairs of results. 

L.(1)L.(2) K. H.J.(1W.(2) 

Average deviation from a constant ratio— 29.8 30.7 31.1 32.6 34.9 33.7 

" " " " '• difference— 1.33 17.9 19.3 19.0 12.3 16.6 

This shows about twice as close an approximation to an 
arithmetical as to a geometrical series. If however, we take 
the average of all six series of each magnitude we obtain a 
much more pronounced obedience to an arithmetical series ; 
the successive differences become 26.2, 32.5, 32.6, 30.2, 28.3, 
and the average deviation of <these from a constant ratio is but 
8.6 per cent, of their average value. Finding the average 
deviation from a constant in all six series we find no such^. re- 
duction. It is 30.9 per cent. 
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If we take into account the varying number of observations 
contributing to each average by weighting each difference with 
half the sum of the number of observations of the two aver- 
ages, the difference of which is expressed, we obtain a still 
closer approximation to an arithmetical series. For the vari- 
ous series the average deviations from a constant difference 
then become in i>ercentages : 

L(l) L(2) E. H. J. (1) J. (2) 

10.8 18.1 19.0 13.1 12.3 17.4 

and for the combined average of all only 6.3 per cent. It 
may be noted too that the combination of L's as of J's two 
sets of observations conform more closely to the arithmetical 
series than either one, and that the greatest deviations from 
the constant ratio are apt to occur in the twd extremes of the 
series, when the shortest and when the longest lengths are con 
cemed, the reason of which is obvious. Incomplete as these 
results are, they are perhaps sufficiently definite to suggest 
strongly the inapplicability of the physo-physic law (when 
thus tested), to spatial impressions gained by fore-arm 
movements. These movements are not altogether dissimilar 
to those made in running a finger along a stick (v. these 
studies in this Jouenal, Vol. Ill, p. 47), and in both cases the 
judgment of length is rather conscious and referred more or 
less definitely to units,- probably to notions gained through 
knowledge of feet and inches. They thus form an additional 
corroboration of the generalization that we conform to the re- 
quirements of the psycho-physic law in gross^ en-masse, an- 
sklyzed impressionist judgments, but not in precise detailed, 
analyzed and considerate judgments. The experiences of a 
civilized environment have transferred many forms of sense- 
judgment from the former to the latter class, among them 
spatial judgments both visual and motor. In these, absolute 
differences become of equal, and, at times, greater importance 
to us than relative ones. 

The Inteefeeenoe of Mental Pbooesses — A Peelimi- 

NAEY SUEVEY. 

(With the Agsistance of W. B. Cairn^s.) 

The general field with which the present study deals, 
(though in a somewhat eclectic and tentative manner), is the 
power of carrying on two mental processes at the same time. 
How far, we naturally ask, is this possible, how far economi- 
cal! How shall we conceive this mental simultaneity, how 
cultivate and develop the power! We know that the 
shortening of mental processes brought about by practice is 
largely due to the power of doing two things at once, is an 
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overlapping of mental processes ; we know, t^o, that when 
processes become automatic they may accompany more delib- 
erate and reasoned processes without interference ; and we 
further recognize that certain processes directed to a common 
end are almost as easily x)erf ormed together as separately. On 
the other hand we observe that states of extreme concentration 
are characterized by immobility, even by a slackening of the 
automatic functions ; we observe the various kinds of disturb- 
ance all indicating the interference of two or more mental 
processes ; and we appreciate the necessity of dividing our 
work into small parts so that they may be easily absorb^ and 
not over-tax our powers. In entering upon this general prob- 
lem, we at once encounter the difficulty of defining the mental 
unit; what is a mental process! In a certain sense we are 
always doing two things at once ; the rhythmical functions of 
circulation and respiration go on while we work ; we walk and 
think, we eat and talk, we write and listen at the same time. 
In every game of skill several senses act at once ; the eye and 
hand, the ear and mouth, taste and smell act together and aid 
one another. On the other hand, however, in an intense at- 
tention to some fascinating event we stand motionless and 
almost stop breathing ; many persons when thoroughly inter- 
ested while talking upon the street involuntarily slacken their 
pace, or stop altogether ; few of those who illustrate their re- 
marks by oil-hand sketches can talk and draw at the same 
time, and so on. Our general inquiry is ^^ What processes 
hinder, what aid one another ; '' the present study makes no 
attemi)t to answer this most important query, but simply de- 
scribes a few facts and suggestions relating to a very small 
and special portion of the general field. 

We choose as the two types of process, (1) the performance 
of finger movements, involving rhythm and counting, and (2) 
of such processes as adding and reading under various condi- 
tions. The former were written (by the usual method of a 
system of Marcy tambours) upon a rotating cylinder, while 
for the latter we simply noted the time of a set task, -per- 
formed as rapidly as possible. Our records are in no case 
very full, and the conclusions drawn are suggestive rather 
than final. We will consider first the effect upon the move- 
ment of an accompanying inental task. 

The chief movements used were : 

(1) A regular beating with the finger at any rate the sub- 
ject chose ; this we speak of as an ad libitum movement. 

(2) A movement as rapid as possible and still regular ; 
this is a maximum movement. 

(3) Beating in groups of 2s, 3s, 4s, 5s or more. 

(4) Beating in alternate groups of 3s and 2s, and 6s, 4s 
and 2s. 
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(5) Keeping time to a metronome at different rates, to an 
air hummed to oneself, etc. 

The method by which the effect of mental tasks upon these 
movements was estimated was to compare the ease, the 
regularity and the time of these movements when accompanied 
and when unaccompanied by mental operations. Our results 
are not sufficiently numerous to show carefully all those 
effects (time, ease and regularity), but in general certain ten- 
dencies are evident. The ease is shown not alone by the feel- 
ing of difficulty, but as well by the presence of errors, varying 
in kind and degree ; so, too, even when the rhythm is main- 
tained, it may be more or less irregular, and in turn this 
irregularity manifests itself in a slowing of the movements. 
This slowing up is the natural accompaniment of difficult 
processes. It will thus be seen that these three indications 
are closely connected with one another, each being in a meas- 
ure indicative of the others and all evidencing the same points. 
The *^ normals" or times of movements with no accompany- 
ing mental process are naturally variable. The records upon 
six days for J. J. of an ad libitum movement were 335 (t, 
320(7, 318(7, 518(7, 388(7, 424(7, 326 (7, while, when several records 
were taken in the same day, the variations were much slighter 
in extent. The rate of maximum movements is much more 
constant, as the following records (of J. S.) show: 152, 163, 
140, 148, 160, 164(7. For beating in groups of 5 the records 
(of J. J.) have the following times: 1837, 1966, 1801, 
1734, 1471(7, and so on. These figures may perhaps 
suffice to illustrate the range of constancy of the phenomena 
in question. 

Our first query will be : How far (neglecting for the moment 
the nature of the accompanying mental operation) will various 
movements be interfered with by the accompanying process! 
Our facts suggest the conclusion that the simpler movements 
are less interfered with than the more complex ones ; the rec- 
ords of ad libitum movements show no appreciable difference 
when accompanied or when unaccompanied by other tasks ; 
maximum movements are always somewhat slackened 
by the accompanying task ; beating in groups of 2s, 3s, 4s 
or 5s become successively more and more interfered with by 
accompanying mental processes, such interference appearing 
not very much in a modification of time, but in the irregularity, 
the presence of errors (there being as a rule more beats in a 
group then there should be) and in the feeling of strain ; in 
such movements as beating in groups of eleven, of alternate 
3s and 2s or 6s, 48 and 2s, frequent failures set in, and 
when the result is fairly successful, the time is increased and 
the record more or less irregular. We are unable to range the 
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varions movements in their order of relative difficulty by the 
amount of interference, but the extremes are very markedly 
differentiated. 

Our second query relates to the amount of interference of 
difierent mental tasks. Beading words in construction, read- 
ing words disconnected, reading numbers and adding numbers 
were the chief types of processes used ; of these, reading words 
in sentences is by far the easiest task, all the others tending 
to make the subject have each beat coincide with a word or ad- 
dition, and thus slowing the process. Furthermore, any of the 
movements involving counting, (particularly alternating 3s 
and 2s and the like) were more interfered with by adding 
than by reading. But the most striking difierence dei)ends 
upon the manner of going through the mental process, that is, 
whether the reading, etc., is done aloud or to oneself. In the 
former case the interference sets in much sooner and is much 
more serious than in the latter. Even quite simple movements 
are rendered irregular by reading or adding aloud ; and sucdi 
movements as beating in 3s and 2s or 6s, 4s and 2s were 
practically failures in such a case, though very suc- 
cessfully done with silent reading. An intermediate 
process of mumbling seemed to yield an intermediate degree 
of difficulty. The interference manifests itself clearly in an 
increased effort, a great irregularity and presence of errors, 
and a lengthening of the time of movement. Motor processes 
thus seem to interfere with motor ones, while refraining from 
movement during intellectual effort would be helpful. Passing 
now to the effect of an accompanying movement upon the time 
of such operations as reading sentences, words or numbers, 
adding (both aloud and to oneself) ; our data are meagre, but 
the following suggested inferences, together with the facts 
that suggest them, may be noted. 

(1) The time needed to perform these mental processes is 
distinctly increased by such accompanying movements, the 
extent of the increase dei)ending upon the complexity of the 
movement. (The general average of all the records (107) 
shows an increase of 4.28 seconds or 30.8 per cent.; J. J., 
6.5 seconds or 26.5 per cent.; W. B. C.,6.62 seconds or 36.6 
per cent.) 

(2) Comparing the process of adding with that of reading, 
the former is the more complex, and seems to be more inter- 
fered with by the accompanying movements. (Comparable 
records are only about a half-dozen of J. J.'s in which the per- 
centages of increase are about as 40 per cent, to 30 per cent. 

(3) Beading and adding aloud are slightly more interfered 
with by the movements than the same processes performed to 
oneself. (In six dozen records of J. J., the percentages of in- 
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crease in the two cases are 31 per cent, and 24 i>er cent.; in 
W. B. C, the result is obscured by other factors.) 

(4) Of the efiect of different kinds of accompanying move- 
ments the following may l)e mentioned. 

(a) If the movements are rhythmical beats arranged in 
groups, like a line of verse or a measure of music, the time in- 
creases with the number of beats in a group. For W. B. 0., 
with groups of 2, S, 4, 5, 6, the times of reading the same pas- 
sages were 10.4, 11.0, 13.8, 14.0, 15.4 seconds. In one case 
groups of eleven were attempted with an increase above the 
normal of about 80 -per cent. A similar result apx)ears, too, 
in attempting to keep time to a beating metronome every 2d, 
3d, 4th or 6th stroke of which is marked by a bell, with 
the accented syllable to coincide with the stroke of the bell. 

(b) Simple regular beating, whether to the accompaniment 
of a metronome or without, can be done without increase of 
time for reading or adding ; for J. J. this is true independ- 
ently of the rate of the interval. Indeed there is some 
evidence that a maximum rate of beating also hurries up the 
mental process. The movements that retarded the processes 
most were beating in groups of eleven, making three beats of the 
right hand correspond to one of the left, and beating in groups 
formed by a six, a four and a two in turn. 

(6) Beadingdisconnectedwordsismoreinterferedwith than 
reading words forming sense ; part of which is due to the ten- 
dency of making each word correspond to the beat. While all 
these points require further corroboration, our results are 
sufficiently suggestive to evidence the promise of research in 
this direction. The next step would be to make a detailed 
study of a few types of interference and accumulate sufficient 
records to allow of quantitative expression. This it is hoped 
will be undertaken upon some iuture occasion. 
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THE SIZE OF SEVEEAL CEANIAL NEEVES IN MAN 

AS INDICATED BY THE AEEAS OF THEIE 

OEOSS-SECTIONS. 



Henry B. Donaldson and T. L. Bolton. 



(From the Neurological Laboratory of Clark UDiversity.) 



On several of the cranial nerves of man we have measured 
the areas of cross-sections, taken at definite i)oints, and 
sought by this means to get a numerical expression for the 
size of these nerves. The immediate reason for the investi- 
gation was the desire to compare with normal material 
the cranial nerves of the blind deaf-mute Laura Bridg- 
man in order to determine in her case how far these 
nerves departed from the normal size. The relation of the 
size of the cranial nerves to the other structures with which 
they are associated is a matter of much interest, but one to 
which, at the moment, we have nothing to contribute. 

Little importance seems to have been attached to the size 
of these nerves by those authors whom we have been able to 
consult. In general the text books have nothing to say on 
the subject. Schwalbe ( j v. Gudden ( 2 ) , Salzer ( » ) and W. 
Krause (*) have measured the area of the cross-section of the 
optic nerve in man, for the most part near the bulb, and 
have obtained areas as small as 7.09 sq. mm. Obersteiner(*) 
gives the average area as about 9 sq. mm. Since, how- 
ever, our sections and theirs were not made at similar points 
on the nerve, a detailed comparison is unnecessary. In addition 
to the Bridgman specimen the material employed consisted of 
seven male and three female encephala. A few brief state- 
ments will be necessary by way of comment upon the Table 
I. in which we embody our results. 

Only the first, second, third and fourth nerves have been 
studied. The olfactory bulb was sectioned where it was 
thickest. The olfactory tract where it was thinnest. The 
optic nerves about 10 mm. from the chiasma. The oculo- 
motor nerves about 10 mm. from their sux)erficial origin and 
the trochleares at the point where they lie on tiie lateral 
aspect of the brain stem. 

In forming the table the distinction between the nerves of 
the right and those of the left side is neglected, but the 
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STXJDIBS FEOM THE LABOBATOBY OF BXPBBI- 

MENTAL PSYCHOLOGY OF THE UJ^IVBBSITY 

OF WISCONSIN.— II. 



By Joseph Jastbow, Ph. D. 



A Study of Zollneb's Figubes and Otheb Belated 

iLLireiONS. 
(With the assiBtance of Helen West.) 

The present paper describes an investigation of an illusion 
which, while familiar and frequently studied, remains in its 
essence and conditions of origin quite unexplained. We make 
no claim of furnishing an adequate and finid explanation, but 
simply aim to establish a few steps in that direction. The il- 
lusion is that so well marked in figure 1, first described by 
Zollner^. In this figure the main lines appear very far from 
parallel ; each adjoining pair of lines seems to converge at 
one end and diverge at the other. Here we have a com- 

^ 'y^ "^ o o ''^ o o c- o o ' 
yyyyyyyyy''yyyyy^ 

Fig. 1. 

plex form of the illusion involved, and it was our prob- 
lem to ascertain the preceding members of the series of 

> We are indebted for the use of figures 10, 11, 12, 13 and :d4 to the 
coartesy of Messrs. Charles Scribner^ Sons, publishers of Ladd, Out- 
lines of Physiological Psychology, and for fignres 1, 14, 16, 17, 18 and 
36 to Messrs. Henry Holt & Co., pablishers of James's Psychology, 
which courtesies we acknowledge with gratitude. 
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which this is the end term. It wonld be tedious to des- 
cribe the various steps by which we stripi)ed this figure of 
one and another of its complications, determining in a variety 
of ways what part they played in the total effect; it will be 
more acceptable to substitute for this rather laborious process 
an exposition beginning with the simplest tyi>e of the under- 
l3ring niusion, and building it up step by step to its most com- 
plicated form. 

When viewing two lines separated by a space, we are able 
to connect the two mentally and determine whether they are 
or are not continuations of one another ; but if we add to one 
of the lines another meeting it so as to form an angle, the 
lines which seemed continuous no longer appear so, and those 



Fio. a. 

which were not continuous may ap- 
pear so. In Fig. 2 the continuation 
of the line A appears to fall below the 
line B, and similarly the continuation 
of C apparently falls to the right of D. 
But iiv reality A is continuous with 
B, and C witti D. If we cover the 
line C, A and B seem continuous; 
thus indicating that the illusion is due to the angle. What is 
true of obtuse angles is true, though to a less extent, of right 
angles and of acute angles ; in brief, the degree of this illusion 
of discontinuity increases and decreases as the angle increases 
and decreases. The figures to prove this the reader can easily 
supply ; further illustration thereof will appear later. This 
is the simplest form of a sense deception that underlies very 
many familiar but more elaborate figures. The principle 
therein involved we generalize as follows : Calling tiie direc- 
tion of an angle, the direction of the line that bisects it and is 
pointed toward the apex, then t?ie direction of the sides of an 
angle will be deviated toward the direction of the angle. A 
very important corollary of this main generalization 
emphasizes the point, that just as the deviation of direction 
is greater with obtuse than with acute angles, so also when 
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obtase and acute angles are so placed as to lead to opposite 
kinds of deviation, the former wUl out- weigh the latter, and 
the illusion will appear according to the direction of the ob- 
tuse angle. 

We proceed to notice a few of the means by which the 
illusion may be varied and tested. A relatively large dis- 
tance between the lines, the continuity of which is to be 
judged, produces a more marked illusion than a relatively 
smsdl distance. The appropriate figures the reader can read- 
ily supply. In other words, opportunity must be given for 
the eye to lose itself in passing from the one line to the other. 
The degree of illusion may 1^ increased by increasing the 
number of angles in various ways. We may draw a series of 
oblique lines parallel to the line C (in Fig. 2) and joining the 




Fio. S. 

line A. Or again we may draw a line parallel to C from the 
left-hand end of line B. This gives Fig. 3, in which the two 
horizontal lines seem to be on entirely different planes. The 
direction of the deviations induced by these angles being op- 
I)osite in tendency, the result is quite marked. Again we may 
add a second line parallel to the real continuation, which will 
be the apparent continuation, and we may further strengthen 
the tendency to regard the non-continuous line as the true 
•continuation by shewing them alike or otherwise differentiat- 
ing them. Again, we may draw this second line slightly 



Fio. 4. 



oblique instead of parallel with the first line with good suc- 
cess ; this is done in Fig. 4. Both of these tests can be made 
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accurate by measuring the maximum deyiation between the 
pursdlels or between the i)arallel and the adjacent oblique line, 
which the eye will tolerate and still retain the illusion of the- 
f alse continuation ; or again the angle alone might be drawn 
and the error measured,which the subject would make in add- 
ing what appears to him a true continuation of the sides. 

On the t^is of the general principle above enunciated, we 
may proceed to the explanation of a series of more complex 
figures. We turn to Fig. 5. Here the effect of the obtuse 



Fig. 6. 

angle AGD is to make the continuation of the line AB fall below^ 
the line FO^ while the effect of the acute angle is just the 
reverse, but, by our corollary, the former preponderates over 
the latter and directs the illusion. The line EC adds nothing 
essential to the figure, for it simply introduces two angles, EGB' 
and ACE, which reinforce tiie angles ACD and BCD. Like- 
wise the line BC might be omitted or covered, and leave the 
illusion essentially unaltered. In Fig. 6 we observe a slightly 



Fig. 6. 



different form of the illusion, the continuation of each line ap- 
pearing to run below that of the other, so that these continua- 
tions would meet at an obtuse angle. All these variations fol- 
low from the dictum that the direction of the side of an angle 
is deviated toward the direction of the angle. 

We may further note those cases, in which the effect of each 
angle is counteracted by that of another, resulting in the dis- 
appearance of all illusion ; this occurs when all the angles are 
equal, that is, are right angles. This appears in Fig. 7 and 
would appear equally well in any form of a rectangular crosa 
with lines continuous with any of its arms. If we omit or 
cover the i>ortions of the vertical lines below the horizontal in 
Fig. 7, we obtain a very instructive figure. If we observe the 
horizontal lines, we notice that they do not appear i>erfectiy 
horizontal, but each appears to tip upwards slighfly from the 
apex; i. e., is deviated toward the direction of the angle ; so 
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ftlso if we observe the vertical lines, we notice that they do 
not appear exactly vertical and parallel, but the right hand 



Fig. 7. 



line tips slightly toward the right, the left hand line toward 
the left ; i. e., they are likewise deviated toward the directions 
of their angles. This tendency of the sides of an angle to be 
deviated towsurd the direction of tiie angle, may result not only 



Fig. 8, 

. in making continnons lines appear discontinnons, but also in 
making parallel lines appear to diverge from parallelism. 

We may farther illustrate the re- 
lation of divergence from continui- 
ty to divergence from parallelism 
by rotating the right half of Fig. 
3 through 180°, and placing it under 
the left half. In this way we obtain 
Fig. 8, which shows that the same 
angles as readily produce slight devi- 
ation from parallelism as fn)m con- 
tinuity. To strengthen this illusion, 
we multiply the number of oblique 
lines and thus of obtuse angles. In 
so doing, we unavoidably introduce 
acute angles, but as b^ore th^ 
effect is out-weighted by that of 
the obtuse Migles. We thus ob- 
tain Fig. 9, in which the paral- 
lel lines diverge markedly above 



Fig. 9. 
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and converge below. If we now carry the diagonal lines 
across the verticsd ones, ttie illusion remains, and it is 
dear from our dictum that it should (v. explanation of Fig. 
5.) By simply adding more main lines, we have the figure of 
Zollner, witti which we set out^. 

Haying thus given a resumd of the series of illusions from 
simple to complex, we may proceed to apply our principles to 
the explanation of other forms of the illusion. Fig. 10 shows 
the illusion of discontinuity ; the line a appears continuous 
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FlO. 10. 



Fig. U. 



withe, but is so with h; and this is neatly emphasized in Fig. 
11, in which a continuous line is deviated once in one direc- 
tion and again in the opposite ; the use of rectangles, instead 
of pairs of vertical lines, makes no essential difierence. Fig. 12 
presents the same illusion with the lines horizontal, the line a 
appearing continuous with c, while it is so with 6. In each 
case the obtuse angle out- weighs the acute angle and deter- 
mines the direction of the deviation. Fig. 12, when contrasted 
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Fig. 12. 



Fio. IS. 



with Fig. 13, shows the effect of the position of its angles ; in 
the former, c seems continuous with a, while 6 is really so, 
because the lower obtuse angle attracts the deviation of the 
line c towards itself ; in the latter, the obtuse angle actually 
drawn between c and one of the vertical lines out- weighs in 

' The oblique lines have been made shorter, bat this does not add any- 
thing essentially different. It keeps the figure compact, and thus readily 
allows the judgment of parallelism. 
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effect the angle that is suggested between c and the horizontal 
line formed by the end-joints of the vertical lines, and thus 
the tme continuation of a is below the apparent continuation. 
The divergence and convergence of the horizontal lines in 
Pigs. 14 and 15 likewise follow from the above principles and 





Fig. 14. 





Fig. 16, 



illustrate some of its more complex forms, while most com- 
plex and brilliant of all is Fig. 16. In these figures the same 



Fig. 16. 



line is made to deviate in opposite directions (by oppositely 
directed obtuse angles) from its centre, and thus theconverg- 
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enoe and divergenoe of the lines is greatly emphasized. The 
I>oints at whi(£ the apparent change of direction occurs are 
also emphasized by cross lines. Fig. 17 adds the farther 
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Fio. 17. 

principle that the extent of the apparent deviation varies di- 
rectly with the size of the angle, for as each successive angle 
increases (or decreases), the deviation increases (or de- 
creases), so that the straight line becomes a line with a con- 
tinuous change of direction, that is, a curve ; as before, the 
obtuse angles are the significant ones. 

Helmholtz finds a similar illusion in which motion is 
involved and which Prof. James tiius describes (Fig. 18.) 






— o 
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Fig. 18. 

'* Let A B be a line drawn on paper, C D E the tracing made 
over this line by the point of a compass steadily followed by 
the eye as it moves. As the compass point passes from G 
to D, the line appears to move downward ; as it passes from 
D to E, the line appears to move upward ; at the same time 
the whole line seems to incline itself in the direction F G 
during the first half of the compass's movement, and in the 
direction H I during the last' half ; the change from one in- 
clination to another being quite distinct as the compass point 
passes over D." The line formed by the movement of the 
compass points acts as two oblique lines crossing the horizon- 
tal one. Curved lines produce the same illusion, as may be 
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tieen in Fig. 19, by the apparent sagging of the lines at the 
<^ntre. The illasion is here strengthened by the presence of 
4»eyeral curves.^ 




Fio. 19. 



^ Wondt figures two illusions, which, apparently, are exceptions to 
oar genentlization, and which, accordingly, demand attention. In Fig. 
aO the horizontal line appears as two lines tipping slightly downward 



Fig. 20. 

from the centre. Our first impulse would be to regard the illusion as due 
to the angles ACE and BCF^ and we should, according to our dictum, 
expect the lines to tilt upward slightly. But remembering the greater 
effect of obtuse aneles, we should view the figure as composed of Fig. 6, 
in which the two horizontal lines are approached to one another until 
they meet ; when, by the eff'ect of the angle ACF^ EG is tipped down, and 
by the action of BCE^ OF is tipped down. That such is really the natural 
way of looking at it will be evident from Fig. 14 ; at the centre of the 
upper line we have the very same arrangement of lines producing the 
same efiiect, and immediately in conjunction with the eflfective obtuse 
angles. 
Wundt's next figure is more difQcult to explain (Fig. 21). There the 



Fio. 21. 

lines tip up at the ends, and there are apparently no angles which would 
make them do so. We have come to the view that this figure is a modifica- 
tion of Fig. 22. Here the obtuse angles are present and determine the 



Fig. 22. 

illusion. The oblique lines need not join to produce the effect, and the 
short vertical line, as in the other cases, simply brings out the point at 
which its change of direction takes place. We judge the tipping of the 
lines by reference to a horizontal which we carry with us or have sug- 
gested by the line of the page or the many horizontal objects we behold. 
We must likewise infer that the tipping in Fig. 21 is due to the obtuse 
angle formed by one side really present, and another suggested only by 
the continuation of GE and CF, The following considerations may serve 
to remove the artificiality of this explanation : (1) we do frequently 
Judge by reference to imagined lines ; e. g. our horizontal and vertical ; 
(2) we use suggested lines in illusions ; (3) the centre of Fig. 5 above 
presents Fig. 21 as the end term of a series, and in conjunction with the 
effective obtuse angle ; (4) the illusion increases as this imagined obtuse 
angle increases, but decreases as the real acute angle increases. 
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The last illnsion to which we shall attempt to apply our 
dictam is the familiar one whereby a square enclosed within 
a circle seems to bend in the circle at tlie four i>oints of con- 
tact. That ttie circle contributes no essential part to the 
illusion can be shown in Fig. 23, in which the rectangle in* 




Fio. 28. 

scribed in the hexagon bends in the sides of the hexagon at 
the points of contact. Furthermore, the fact that the hex- 
agon shows the illusion even better than the square, suggests 
that the larger angle is the more effective. This illusion we 
regard as a complicated form of Fig. 20 inverted. From our 
former explanation it is already clear why we should have a 
large obtuse angle at the point of contact instead of the act- 
ual continuous line. The portion of tiie curve adjoining the 
point of contact acts as a straight line, as it also does in Fig. 
19. The effective angles are thus the angles of which ABG 
and DBF are types. The application of our generalization to 
forms of illusion not taken into account in the formulation is 
a very gratifying index of its value. 

We turn finally to a brief account of the literature of the 
topic. ZoUner accidentally noticed the illusion on a pattern 
designed for a print for dress goods. He established the 
following points : (1) the illusion is greatest when the main 
parallel lines are inclined 45^ to the horizontal ; (2) the illu- 
sion disappears when viewed at a slight angle, as by holding 
one comer of the figure up to the eye ; (3) it vanishes when 
held too far from the eyes to clearly see the cross striations ] 
(4) the illusion is as good for one eye as for two ; (6) the 
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strength of the illusion varies with the inclination of the 
oblique to the vertical lines. In later studies he determined 
ths^t (6) the angle between oblique and vertical lines at 
which the illusion is greatest is 30 degrees ; (7) the illusion 
appears under the illumination of an electric spark quite 
as strongly as otherwise ; (8) viewing it through red glass 
weakens it. 

He also answers criticisms by Helmholtz and Hering. His 
explanation is curious and in its details unintelligible. He 
draws an analogy between these and illusions of motion and 
makes all depend on the view that it takes less time and is 
easier to infer divergence or convergence than parallelism. * 
Why the illusion should vary with the angle, under this 
theory, he does not explain ; the fact that it is greatest at 46° 
he regards as the result of less visual exi)erience in oblique 
directions. Apart from the fact that this theory does not ex- 
plain and is not applicable to many of the figures, it can be 
experimentally disproved by a figure similar to Fig. 1 but 
with the lines actually inclined but apparently parallel, as 
suggested by Hering. Here really divergent lines all seem 
parallel, showing that the illusion does not consist of the 
inference of parallelism or non-parallelism, but of a certain 
angular distortion of the real relations of lines. 

Hering (Btitrdge zur Physiologies 1861, pp. 69 — 80) added 
several of the figures above noticed (Figs. 14, 15, 19). He 
bases his explanation upon the curvature of the retina and 
the resulting difference in the retinal images of arcs and circles. 
He figures this explanation for the square enclosed in a 
circle and applies it to the rest. He criticises ZoUner and 
dismisses the fact that the illusion is strongest in oblique 
directions, as irrelevant. In a later article (Hermann, HI., 
p. 373), he brings in the additional statement that acute 
angles appear relatively too large and obtuse ones too small. 



^ It is well to note that Poggendorf called ZoUner's attention to a 
farther illusion in his figure. This was printed in deep black lines, 
and the two parts of the oblique line crossing it seemed not quite con- 
tinuous ; i, e., the illusion of Fig. 10, with a broad black line for the 
rectangle. Zollner regarded this as unrelated to the other and 
accremted it to astigmatism. 
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He also prints a figure (Fig. 24) based upon the factTof 
greater illnsion in oblique directions. This figure, as Aubert 
has pointed out cleaily, refutes Bering's theory, for it shows 



FiQ. 24. 

a variation in the strength of the illusion, while the retinal 
image remains the same. ^ 

Aubert ( Physiologie der Netzhaut^ 1865, pp. 270 — ^272) con- 
fines his attention to a notice of the results and views of 
others, closing with the sentence : ^' I am unable to give any 
explanation of ZoUner's illusion.'' In a later work, (Physi- 
ologische Optik, 1876, pp. 629 — 631), he practically repeats 
his former statements, and mentions that Yolkmann ex- 
plained it by an apparent alteration of the plane in which the 
oblique lines appeared; i. e., they appeared in a plane in- 
clined to that of the paper, and the inclination of the long 
parallel lines to this plane appears as inclination toward one 
another. 

^ Classen (Physiologie des GesichtssinnsJ after disagreeing 
with all previous theories, gives his own explanation in these 
words : '* Now the cause of the illusion is dear : in recogniz- 
ing the directions of the converging and diverging oblique 
lines, we judge them by their relations to the vertical ones. 
These recede from the oblique lines where they diverge, and 
approach them where they converge ; and thus the dSection 

^ Eundt (cited by Aubert) attempted to get an experimental proof of 
Bering's view, but his results at close distances, which alone are rel- 
evant, failed to corroborate the theory. Kundt also determined the 
relation between the size of the figure and the distance from the eye 
at which the iUnsion disappeared. 
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of the verticals is regarded as a separation toward the side of 
eonyergence and an approaching toward the side of diverg- 
ence.'' Classen noticed that the illusion appeared as soon as 
a pair of parallels was crossed by a pair of oblique lines 
which formed an acute angle at tiieir junction. He insists 
that a pair of lines of opposite direction is necessary to pro- 
duce the illusion, and leads one to infer that if tikis were not 
so his theory would be disproved. This can be shown in 
various ways ; e. g., by drawing only the left half of Fig. 9 
and substituting a parallel line for the right half , the illusion 
remains, though not so distinctly. 

Lipps ( Orundthatsachen des Seelenlebens, 1883, pp. 526 — 
630) regards the illusion as primarily psychical ; whatever 
parts the movements of the eyes play being determined by 
the attention. He says : '* If we draw (Fig. 25) the line pm 




Fig. 25. 

ux>on the line a&, and follow the latter with our eye, we shall, 
on reaching the point m, tend for a moment to slip off at and 
to follow mpy without distinctly realizing that we are not still 
on the main line. This makes us feel as if the remainder mb 
of the main line were but a little away from its original di- 
rection. The illusion is apparent in the shape of a seeming 
approach of the ends bb of the two main lines." Prof. James, 
whose words we have been quoting, adds: ''This, to my 
mind, would be a more satisfactory explanation of this class 
of illusions than any of those given by previous authors, 
were it not again for what happens in die skin." Prof. 
James thinks that this class of illusions belongs to the field 
of sensation rather than of unconscious inference. ib* 

Hoppe (Physiologische Optik, 1881, pp. 73 — 83) gives a 
careful and critical digest of the views of others, which he 
finds it dif&cult to understand. His own is no less so but 
seems to be that our eyes and our attention are drawn to 
those lines that do most to fill out space, and that we run out 
the oblique lines until they meet ; from this imagined point 
of junction the real parallels look divergent. When we care- 
fully fixate the parallel lines, the illusion is avoided. Or 
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agam, << we foUow the fiUed middle space according to the 
course of the oblique lin^ and neglect the black parallel 
straight lines ; or^ because the latter are thus less noticed 
and viewed from a greater distance, we strengthen the ap- 
pearance of their separation by the indirect view we obtain of 
them.'' The illusion is not retinal, because it vanishes in the 
after image ; it is intellectual in origin. It is difficult to see 
how Lipps's view would be expressed so as to apply to Fig. 
2, or why the illusion should disappear in Pig. 7. Hoppe's 
view is ox)en to the same objection as Classen's and is re- 
futed by t^e same figures. 

Wundt (Physiologische Psychologie, 3d ed., II., pp. 124 — 
132) although bringing in other factors as well, makes his 
main argument rest upon the view that we tend to overesti- 
mate acute and underestimate obtuse angles. He gives no 
proof of this fact, if fact it be, nor explains in what manner 
the error api>ears. He seems to mean that, in judging of the 
direction of the sides of an angle, we view acute angles as 
larger than they really are. If this be so, there must be 
some angle at which the illusion disappears, and this would 
seem to be the right angle ; however, we get the illusion with 
right angles. Again, in Fig. 5 and many similar figures that 
we could construct, the acute angle judged by the same means 
would appear to be smaller than it really is, and in many 
respects acute and obtuse angles are affected alike. In com- 
mon with others, Wundt regards the increase of the error at 
45° as due to a less exact visual experience. 

Pisco (Licht und Farhej 2d ed., 1876, p. 268) gives no 
explanation, but adds the beautiful Fig. 16. 

Helmholtz (Physiolog. Optik, pp. 564-574) presents a 
X>eculiar view of lie subject. He begins with ttie illusion of 
the deviation in direction of the two parts of an oblique line 
separated by a rectangle and regards the particular cause of 
this illusion to be the curving in of the oblique lines as they 
meet the sides of the rectangle or heavy vertical lines. More- 
over, this is especially true of small figures, in which as a 
whole the illusion is more marked. This deviation, then, 
at least in small figures, is due to irradiation. He supple- 
ments this explanation with one that will apply to large 
figures and to Zollner's illusion. He says : **We may con- 
sider these illusions as new examples of t^e law above indi- 
cated, according to which acute angles, being small in size 
and clearly limited, apx>ear in general as too large when com- 
pared with right or obtuse angles." Moreover, movement 
plays a large part in at least some of the figures, and in these 
the illusion disappears under precise fixation and the electric 
spark. This effect of movement is illustrated by the instance 
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cited above and leads to a sort of contrast whereby a clearer 
difierence seems a larger one. Besides the general objection 
that so many principles are brought in to explain facts so 
clearly belonging to one sphere, and the farther objections 
which have sSready been advanced against the alleged over- 
estimation of acute angles, several. detailed criticisms might 
be made. In the first place, Helmholtz has not shown that 
small figures present the illusion better than large ones ; in 
his figures he has drawn less than half as large an acute 
angle in the small figure as in the large one, and this is the 
cause of the difference he observes. Eegarding the alleged 
curvature of the lines, it is difficult to see it ; and it, as well 
as the possibility of irradiation, may be eliminated by drawing 
aU the lines light and not allc/wing the oblique line to quite 
meet the vertical ones — under such circumstances the illusion 
persists. Helmholtz's chief argument for the effect of fixation 
is drawn from the heavily-drawn form of Zollner's figure, in 
which he looks at the white bands with oblique lines running 
out like the feathers on an arrow, and sees them parallel: but 
this is precisely what must occur from the i>osition of the 
angles, the effect of each angle being compensated by another. 
The two modes of drawing the figure make two figures of it. 
The arguments from the electric spark experiments are cer- 
tainly questionable both in fact and inference, and it must be 
admitted that the entire treatment is unsatisfactory. 

It will be seen that the field we have entered is a very 
complex one, and that a most important problem — ^Why do 
we deviate the sides of an angle toward Uie direction of an 
angle! — remains to be solved. How far does this depend on 
eye movements, how far upon inference, and the like! The 
chief defect of former attempted explanations seems to us to 
consist in theorizing upon too limited a range of facts. What 
is true of one group of figures fails to apply to others. Before 
an explanation can be satisfactory we must know precisely 
what it is that we are to explain, and this necessitates a cor- 
rect and comprehensive generalization of the facts : this it is 
that we have attempted to supply. 

Our study of these illusions leads us to regard them as 
essentially psychological in origin ; they are illusions of judg- 
ment and not of sensation. Furthermore, we would regard 
them as an outcome of the general principle that we are prone 
to judge relatively rather than absolutely ; that our perceptions 
differ according to their environment ; tiiat a sense impression 
is not the same when presented alone and when in connec- 
tion with other related sense-impressions. A line presented 
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by itself is a different object from a line as a i>art of an angle 
or of a figure. However mnch we desire to consider the l&e 
independently of the angle, we are unable to do so. We have 
the direction of an angle and the direction of the lines that 
form the angle, and we are unable to consider the latter abso- 
lutely without reference to the former. The more nearly tiie 
directions of the angle and of the sides coincide, i. e. the 
smaJ^r the angle, the smaller will be the error induced by 
this relative mode of viewing the lines. The whole series of 
illusions would thus be subsumed under the law of contrast or 
better of relativity ; and the different variations and degrees 
of the illusion would find their explanations in the readiness 
with which they suggest and enforce misleading comparisons. 
In order to exhibit a type of illusions most readily explica- 
ble from this point of view, as well as to exemplify the sug- 
gestiveness of the latter, we will consider an sdlied group of 
*^isual illusions. 

Just as the presence of angles modifies our judgment of the 
directions of their sides, so too, the angles will modify the 
apparent lengths of lines. This form of contrast is most 
strikingly exhibited in Fig. 26, and best by comparing I and 
rV, i. e. cover up II and m. It seems almost incredible 
that the horizontal portions of I and lY are of equal length, 
and yet such is the case, n and m supply the intermediate 
steps, and in comparing the four figures the horizon^ i>or- 
tions seem to become successively shorter from I tc^TtV/, whUe, 



I. 



II. 



ni. 



IV. 



/ \ 



Fuk 2«. 



in reality, they are all one length. Here, again, the greater 
the angles formed at the extremities, the greater the apparent 
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length of the line ; and thus the constrast is greatest between 
the very obtnse and the acute angles. Other factors con- 
tribute to the illusions ; e. g. the positions of the figures, the 
juxtaposition of certain lines, the distance between the figures, 
and tiie like. The illusion persists if the horizontal lines be 
omitted, and we judge the spaces between the oblique lines. It 
also shows very well by cutting the figures out of paper either 
as they are or as truncated pyramids (by joining the ends of 
the oblique lines by a line parallel to the horizontal one), and 
viewing them against an appropriate back-ground. 

We may also be tempted to judge of two areas by their 
juxtaposed lines, thus regarding one of two equal areas as 
larger than the other. This is shown in Fig. 27, which also 



Fig. 27. 

shows very weU when the figures are cut out and moved about to 
assume various positions. The upper figure seems larger, 
because its long side is brought into contrast with the shorter 
side of the other figure. Similarly, a square resting on a cor- 
ner seems larger than one resting on a side,because we Uien con- 
trast the diagonal with the side. Fig. 28 on the following page 
presents another illustration of the same principles ; the lower 
figure seems to be distinctly the larger, and the contrast is 
emphasized because it is thrown entirely to one side of the 
figure. In judging areas, we cannot avoid taking into ac- 
count the lengths of the lines by which the areas are limited, 
and a contrast in the lengths of these is carried over to the 
comparision of the areas. We judge relatively even when we 
most desire to judge absolutely. Belative distinctions and 
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the perception of relation seem to be more natural and sig- 
nificant than absolute ones. We cannot view the part as 
unrelated to the whole. This is a widely applicable princi- 




FlG. 28. 

pie and is suggested as a convenient guiding principle by 
which the study of such illusions of sense may be profitably 
directed. 

A Study of Involuntaey Movements. 

(With the assistance of Helen West.) 

The dictum that thought is repressed action most readily 
finds illustration in con<Utions of the nervous system varying 
somewhat from the normal. It is easier to detect the action 
of not definitely recognized laws in extreme forms than in 
average ones. The modern view of morbid action, however, 
emphasizes the close relation of the abnormal to the normal ; 
there exists in the latter in germ and to a limited extent, 
what is full grown and characteristic in the former. If, under 
great excitement and extreme fascination of the attention and 
in favorably constituted individuals, the involuntary move- 
ments are pronounced, the rudiments of these movements 
should be demonstrable in the average individual under nor- 
mal conditions. For this purpose delicate apparatus may be 
requisite, and a variable amount of success is to be expected. 
The question of apparatus is of importance, and our present 
study aims to do little more than describe the apparatus and 
iUustrate what results may be obtained therewith. 
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The apparatus is so simple that a brief description will 
doubtless be sufficient to convey a clear idea of its mode of 
action. There is first a piece of plate glass (see Fig. 29) 



Fio. 29. 

fiifteen inches square, resting in a stout wooden frame ; this 
frame is mounted on three adjustable brass legs, raising it an 
inch or so from the table. By means of the screw -adjust- 
ments of the legs, the plate glass is brought into exact level. 
Three brass balls, which must be very perfectly turned and 
polished spheres, about three-fourths of an inch in diameter, 
are placed in the form of a triangle upon the plate ; upon these 
balls rests a very light crystal-plate glass, fourteen inches 
square, mounted in a light wooden frame. On the upper sur- 
face of this plate is placed a piece of paper to hide ttie balls, 
and on the paper we lightly rest the finger-tips of our hand. 
It is almost impossible to keep the plate from all motion for 
more than a few seconds *, the slightest movement of the hand 
slides the upper plate upon the balls. To maintain the ap- 
paratus in working order it is necessary to keep the glass 
and balls well x>olished by rubbing with a cloth and a little 
oil. 

The recording of the movement is equally simple. To the 
light frame is attached a slender rod about ten inches long, 
bearing at its end a cork ; piercing this cork is a small glass 
tube and in the tube there is a glass rod snugly fitting the 
tube and drawn to a fine point. The point of tiie rod traces 
the movement of the hand with great accuracy, and, not 
being rigidly fixed, can accommodate itself to all irregularities 
of movement or of the writing surface. A piece of smoked 
I>ax>er stretched over a glass plate, ux)on which a record is 
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made, and a large screen to prevent the subject from seeing 
the record, complete the apparatus. This apparatus enables 
us to record all movement in the horizontal plane, and, inas- 
much as its chief purpose is to write slight involuntary move- 
ments, we have given it the name of the automatograph and 
may speak of such a record as an automatogram. 

The type of an experiment is the following. The subject 
places &e finger-tips of his extended right hand ux)on the 
^lass ; he is told to hold the arm still and pay no attention to 
it. He is asked to read some lines or colors, or to count the 
beats of a metronome ; this naturally engages his attention. 
When all is in readiness the operator drops the glass rod into 
the tube, and the record begins. When the subject has been 
occupied in this way for a minute or so, we have, as a rule, 
a very dear record of the direction of his attention in the au- 
tomatogram. 

In order to have a test by which to compare the relative 
sensibility of different x>crsons for movements of this kind, 
we arranged to have a number of persons go through a series 
of tests, a typical result of each of which will be figured. 
Each exx>eriment occupied from about three-fourths to two 
minutes, and when possible we noted the progress of the 
record for each 15 or 30 seconds. 

A series of patches of color 6x20 mm. were placed in hori- 
zontal rows on a vertical wall about ten feet distant. The 
subject was required to read aloud the names of the colors. 
The general tendency is for the hand involuntarily to move 
toward the colors with a variable degree of constancy, rapid- 
ity and directness. An average result is shown in Fig. 30. 
We have another record, lasting but 45 seconds, but covering 
6^ inches, which in extent and directness is the most remark- 
able of our records. The appearance of the line is similar to 
that of Fig. 30, but with several points at which the line is 
almost directly toward the colors. 



Fio. 30. — ►• 
Beading colon. Time, 96 seconds. A indicates the besinninff. and Z the end, of each 
cecord. The arrow everywhere indicates the direction in which the object attended to 
was situated. When the numbers 1, 2, 8, 4, occur, they indicate the point of the record 
at 15, 80, 46 and 60 seconds after the beginning of the record. 

On two occasions the subject who gave us this striking 
record evidenced the action of the attention in another, 
equally striking way. There were three rows of colors which 
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were read ; the first one from left to right, the second from 
right to left, and the third from left to right; the invol- 
nntary movements correspond to the movement of the atten- 
^on, as is vividly shown in Fig. 31. 



Fig. 81. — ^ 

Beading three rows of colors; the movements closely following the attention. Time, 
90 seconds. 

These are certainly striking proofs of the *ease with which, 
in sensitive subjects, the hand involuntarily follows the 
movements of the eye. 

A second test consists in substituting the reading of a 
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printed page for the colors 3 the resnlts are quite similar. 
Fig. 32 represents a typical resnlt. 



Fio. 32. — >• 
Reading from a printed page. Time, 45 leoonds. 

We next pass on to cases in which the attention is directed 
to sounds. We set going a metronome, and ensured the 
subject's attention to it by having him count the beats. The 
usual rate was 140 strokes "per minute. Here, again, we find 
two types of involuntary movement : the one a moving to- 
ward the sound, represented in Pig. 33 ; the other a keep- 
ing time with the beats, not accurately at all, but in a gen- 
eral way, as is shown in Fig. 34. When we consider 



Fia. 83. — ^ 

Counting strokes of metronome at 140 per minute. Time, 70 seconds. Also illustrates 
slight hesitation before movement towards metronome begins. 



Fio. 34. 4— 
Counting strokes of metronome. Shows movements to and fro with the strokes. 

how strong is the tendency to keep time to enlivening music, 
it will not surprise us tiiat we are able to reconl these 
slighter and more unconscious movements to simple time 
beats. We frequently i)erformed this experiment by placing 
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the^metronome first in front of, and then behind the subject, 
.«nd{the contrast between the direction of the lines is, as a rule, 
quite striking. 

We recorded a similar experiment for sight, by substituting 
ior the metronome a silently swinging pendulum, the oscilla- 
tions of which were to be counted. Again we observe the 
two kinds of records, the second, as before, being considera- 
bly less frequent than the first. These are given in Fig. 35 
.and Pig. 36. A pair of records derived from this form of ex- 



FiQ. 36. >. 

Ck>unting oscillations of a pendulum. Time, 46 seconds. 






iy ' life 

FiG.36. ^ 

Counting pendulum oscillations; shows movetnents to and fro with the oscillations. 
Time, 80 seconds. 

X>eriment well illustrates the extremes of rate of movement : 
one subject moved 11 inches in two minutes, another If inch 
in the same time, though in both cases the motion was 
regularly toward the point of attention, the swinging pend- 
ulum. 

Our next experiment approximates closely that of the mus- 
cle reader. We directed the subject to hide a knife at some 
part of the room not near the center, and immediately there- 
upon took a record upon the aiitomatograph, the subject 
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thinking of the knife. In some cases this experiment was 
nnnsnally successful, in others fairiy so; the direction of 
movement usually closely approximated the direction in 
which the knife lay. Pig. 37 represents a- fair result. A 



Fio. 87. — > 
Thinkinfc of hidden object. Time, 30 seconds. 

quite similar experiment consists in directing the attention 
to some prominent building or locality in the neighborhood, 
not by actually looking toward the place, but by voluntarily 
thinking of it. We have many very excellent examples of 
such records. Fig. 38 will serve as a type of the more success- 
ful ones. 



^ Fio. 38. ^ — 
Thinkinfc of a building in the direction of A to Z. Time, 120 seconds. 

This does not exhaust the methods of attracting the atten- 
tion but it illustrates our chief modes. Beading to a person 
from different parts of the room is often successfuJ. Quite an 
interesting form consists in having the subject's attention 
change in the course of an experiment to different localities, 
as by having him read from a book carried about by an 
assistant. Such a result is shown in Fig. 39, in whidi we 
have an irregular figure closing in upon itself and clearly 
indicating the circular movement of the book. 

We often succeeded in distracting a subject's attention by 
a noise in another portion of the room, the hand moving 
toward the source of the noise. We also recorded the invol- 
untary start that occurred when a ball was suddently dropped 
upon the floor. 

The figures given will sufficiently illustrate the nature of 
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the restdts obtainable with the aid of onr automatograph and 
it remains only to notice a few general points re^rding them. 



Fig, 39. T t Beading from a page moved about in a circle. 

It would be interesing to determine by this method the rel- 
ative degrees of muscular accompaniment for these different 
kinds of attention ; but our methods are not as yet sufficiently 
refined to solve this problem ; the result seems to vary witi 
individuals and with the sense organ engaged. As a prelimi- 
nary result it may be worth recording that a number of 
measurements yielded an average rate of movement of 
about two inches to the minute toward the object thought of. 

Of great importance is the nature of the individual differ- 
ences in these experiments. Our normal experience would 
naturally anticipate a difference about as characteristic 
at least as that of hand- writing. Any minute discussion of 
the point would be obviously premature, but in general it 
seems possible to arrange these differences in types. We 
should distinguish between those who move rapidly and 
directly, and those who move slowly and circuitously ; 
between those in whom the movement quite exactly follows 
the line of attention, and those in whom it does so only ap- 
proximately or irregularly. Instances of such distinctions 
have already been indicat'Cd. 

We add Pig. 40, which may be contrasted, in regard to the 



Fio. 40. — >- 

Ck>imtiiur oacillationg of a pendulum. 1, 2, 3, 4 indicate the points 80, «0, PO and 120 
aeoondsalter the start. Time, 120 seconds. Illustrates smaU and indirect type of move- 
ment. 
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character of the carve with Fig. 31 ; the latter shows directness 
of movement and great extent, the tracing rarely becoming 
confused by the hesitancy of the subject, while, in Fig. 40, 
the movement is slow and the record involved by continual 
retracings of the path of movement. Another important dis- 
tinction relates to the time at which the most significant 
movements occur, and mainly whether the first impulse is 
toward the object of attention followed by much hesitation of 
movement ; or whether at first there is little movement fol- 
lowed, after fatigue, by the movement determined by the at- 
tention. We have many more of the former type than of the 
latter ; one of the former is presented in Fig. 41. Figs. 33 



Fio.41. — ► 
Countiiu? beats of metronome. Illustrates first impulse toward object of attention fol- 
lowed by hesitation. Time, 90 seconds. 

and 38 partly illustrate the reverse tendency. We might fur- 
ther distinguish between those subjects who show the direc- 
tion at each portion of the tracing and those who show it only 
here and there. 

These types may possibly suggest what kinds of involun- 
tary movements best subserve the purposes of the muscle 
reader ; all alike illustrate the general line of tendencies which 
he utilizes. 

A very natural query relates to the possible influence of 
the position of the arm and body, and also of such other fac- 
tors as the pulse and respiration upon the character of the 
tracing. The main distinction in regard to the position is 
whether the arm is (1) held straight out from the shoulder in a 
line with the trunk, or (2) at 90"^ from this position, or (3) in 
an intermediate position. In the first of these, movements 
toward the front are obviously easier to make than move- 
ments toward the rear, and in both (1) and (2) movements 
toward the body are easier than those away from the body. 
By changing the position of the object to which the attention 
was given, we could thus favor or interfere with the tendency 
to involuntary movement in certain directions. In our ex- 
periments, we allowed the subject to assume a natural and 
comfortable position, which was usually an intermediate one, 
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with the arm not fully extended. This i>osition allows move- 
ment in all directions, though it is fttill true that movements 
toward the front and toward the body are favored above move- 
ments toward the rear and away from the body. The direc- 
tion of the attention is thus sometimes partially obliterated in 
some subjects, but in most of them it appears in spite of this 
tendency. This factor deserves a more special investigation. 
While respiration may have some effect, we are inclined to 
regard it as very small, and the pulse as not entering into con- 
sideration at all ; for, in order to get the tracing of pulse and 
respiration (by other apparatus) with equal distinctness, we 
had to magnify them very considerably. 

The question of the precise significance of these movements 
is largely dei)endent in the testimony of the subjects. While 
there are individual differences in this as in all other respects, 
the consensus of the verdicts might be thus expresseid: at 
times we become aware that our hand has moved, but rarely 
of the direction of its movement ; the movements are some- 
times unconscious but always involuntary, there is often 
great surprise at the result. The one objective test we could 
apply was to intentionally simulate these movements and the 
result was measurably different from the genuine involuntary 
record. 

It is hardly necessary to enlarge upon the bearings of these 
experiments upon the processes of muscle r^uling and 
kindred phenomena. They indicate the close connection of 
mind and muscle, and in demonstrating the extent of record- 
able automatic movements, suggest the many other and 
subtler means by which we may give to others some notion of 
what is going on in our own minds. 

Observations on the Absence of the Sense of Smell. 

(With the asBistance of Theodore Eronshaob.) 

The subject of our observations is a Mr. E., aged 21 years, 
a student of this University, who is deprived of all the sense 
of smell. The defect is probably congenital and of nervous 
origin. As Mr. B's. knowledge of his defect was dem^ from V^/vT 
such occasions as would occur in every- day life, our first step 
was to test the degree and extent of the anosmia. We ap- 
proached various substances to his nose asking him to inhide 
them and report the result ; we tried in this way strong liquid 
solutions of wintergreen, bitter almonds? ether, alcohol, 
ammonia, cinnamon, camphor, etc. Camphor produced very 
slight if any sensation and the same is true of wintergreen 
and cinnamon. Bitter almonds, ether, and most markedly 
ammonia, produced a sharp, more or less stinging sensation 
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In the nose. Alcohol was described as sweetish like per- 
fumes. We next tried several substances In pairs to deter- 
mine how far, when first told which was which (not by name 
but by calling one A and the other B)^ he could distinguish 
between them, and, as a check against tmconscious bias, ex- 
periments in which one of the pair was distilled water were 
introduced. This precaution was quite necessary, for it 
happened that when bitter almonds and water were compared 
in this way he mistook them three times in five trials, though 
professing t# get some sensation from the bitter almonds when 
presented alone. The water, however, was frequently 
recognized by its entire absence of any sensation of smell. 
Such distinctions therefore as are perceived by him are by no 
means altogether clear. With the pair, ether and water, 
eleven trials resulted in eleven correct answers, the point of 
distinction being that '* ether ox>ens up the throat like i)ep- 
permint.'' With wintergreen and bitter almond, the latter 
yielding the distinctive efiect, there were only 3 errors in 18 
trials. With ether and ammonia both giving decided sensa- 
tions but of somewhat different nature there were 2 errors in 
8 cases ; this may however have been due to over stimula- 
tion, as the substances used were so strong that neither of us 
could take them to the nose with comfort. Ammonia was 
described as immediately affecting the nose, ether as going 
back to the throat and affecting it. With wintergreen and 
cinnamon, neither yielding any definite sensation the result 
proved to be mere guesswork, and the same is true of cinna- 
mon and camphor. 

Inasmuch as the sensation arising from the inhalation of 
alcohol was described as similar to that of perfumes (alcohol 
being an ingredient of these) we ascertained how far the pres- 
ence or absence of alcohol could serve as a meaDS of confu- 
sion or indentification of substances. We made a strong 
solution of wintergreen and of cinnamon in alcohol, and from 
each of these Mr. E. obtained a similar but pronounced effect. 
The attempt to distinguish between the two, however, resulted 
in as many failures as successes. We next compared pure 
alcohol with wintergreen dissolved in alcohol, and no differ- 
ence except of intensity was observed. To complete the 
proof we made a solution of wintergreen in water and in 
alcohol. The latter gave a distinct sensation, the former 
almost nothing. In aU the eight trials the two were correctly 
distinguished. 

The next point tested was whether distinctions of intensity 
within a perceived range of sensations were obtained. We 
tried strong and weak alcohol with the result that in all 
cases (eight) they were correctly distinguished from one 
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another ; the sensation was described as a '' sweetish taste in 
the month." 

In the above results indications were given that Mr. E. was 
less than normally sensitive to irritants. To measure this 
difference we determined how many drops of very strong 
ammonia must be added to 100 cc. of water (1) to produce a 
sensation, (2) to make it objectionably strong. We obtained 
the characteristic effect with but one drop in 200 cc. and even 
one in 300 cc; while Mr. E. needed 2 drops in 100 cc. Eight 
drops in 100 cc. made it very objectionable to us, but he said 
it was like some perfumes, and it took 23 to 25 drops to pro- 
duce an objectionably strong sensation. 

We next tested the sense of taste. A preliminary survey 
served to show that the sense was present and presumably in 
a normal degree. To complete the test we compared his taste 
with ours for sugar, acetic acid and quinine. We found 
about the same measure of sensitiveness for Mr. E. and for 
us; and found nothing differing from the normal in any 
resi)ect. 

We proceeded to investigate those mixtures of smells and 
tastes, which make up most of the sensations obtained during 
eating. We took the ordinary flavoring syrups of commerce, 
lemon, vanilla, currant, orange, strawberry and raspberry. 
From all these Mr. B. obtained only a general sweetish sen- 
sation with no distinction between them except from the 
lemon which was in the main distinguished by the mixture of 
sweet and sour. He could in part tell them by their different 
degrees of sweetness, but when presented in proportions in 
which they seemed to us equally sweet all distinctions were 
impossible to him. The tests showed as many wrong as 
right answers. It so happened that some of these substances 
fermented and these he could at once detect^s different from 
the others and also the more fermented ones from the less so. 
A series of candies with some of the above flavors yielded 
corroborating results. It should be understood that all these 
substances were tasted. 

Next, a series of spices was tried with the following 
results : 

Mvsiard; a sharp sensation on the end of the tongue ; not 
recognized. 

Pepper; same effect but stronger. 

Coffee; not recognized, a slight taste. 

Cinnamon; recognized, sweet and sharp. 

Broma; sweet. 

Cloves; recognized, taste distinct but not describable. 

Thyme; sharp, bitter, something like cloves. 

Tea ; no effect at all. 
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Anise; sharp, bitter, nnpleasant. 

Caraway JSeed: mild, sweetish, and salt. 

Cfinger; not recognized, bums. 

Mvstard Seed; bams decidedly. 

Citron; recognized by its feeling on the tongne, sweet. 

In brief some were recognized by secondary qualities, but 
those that we recognize by flavor were not differentiated. A 
separate series was tried with tea and coffee, and one with 
ginger and cloves. Neither of either pair was distinguished 
from the other ; the latter were both called sharp but with no 
distinction between them. 

We also tested Mr. E.'s temi)erature sense, at about 15°, 
30° and 60° E. At all these points his sensibility was as 
good as ours, differences of 1° being everywhere recognized. 
The test was made by taking a mouthful of water heated to 
the required temperature and then throwing it out. 

The great importance of these observations lies in the 
analysis they enable us to make of the complex of sensations 
obtained in the mouth and nose. In Mr. E.'s case taste is 
normal, the temperature sense is normal, the tactile sensi- 
bility is present (though as far as irritants are concerned, to a 
diminished extent, ) while smell alone is absent. Accordingly 
we may conclude that such distinctions as Mr. E. fails to 
make are in us due to the sense of smell, and such as he 
makes are due to other senses. The rtsuUs conclusively show 
that a great many of the mouth-sensations, which we ordin- 
aHly speak of as tastes, are really due to smell. The distinc- 
tions between tea and coffee, between all the various flavors 
that make the difference between candies and sugar, between 
various syrups and so on — all these are lost. That the 
absence of marked sensations during eating should lead to a 
relative neglect of such sensations is natural ; Mr. E. is per- 
haps on this account less sensitive to other mouth sensations. 

Mr. E.'s defect was observed by members of his family as 
soon as the sense of smell could be tested. He has no recol- 
lection of ever having smelled and his family agree that he 
never gave evidence of such sensation. It is certain that he 
could not smell when a very small boy. He gets no sensa- 
tions from flowers, perceives no difference in the taste of his 
fooi when afflicted with a cold, and observes no distinctions 
in the various kinds of sweet things of which he is fond. He 
perceives no distinction between tea, coffee, and hot water 
flavored with milk and sugar and has come to take the latter 
as his every-day drink. 

Mr. E.'s case is especially interesting because his mother 
has a similar defect. Mrs. E. however at one time possessed 
the sense of smell and distinctly remembers the sensations 
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derived from odors and her use of odorous substances. She 
seems to have lost the sense when about 13 or 14 years of age. 
It is definitely established that she is the first and only one 
of her family or her husband's family to show this defect. 
She has two sons and two daughters besides Mr. E., all of 
whom are normal as regards the sense of smell. Some of the 
more typical experiments performed upon Mr. E. were also 
tried by Mrs. E. with strongly corroborative results. Am- 
monia alone had a marked effect ; the same confusions were 
made by Mrs. E. as by her son. She is likewise deficient in 
distinguishing ** by taste " between flavoring extracts and 
similar substances. 

Classifioation Time. 

(With the assistance of George W. Moorehouse, Fellow in Psy- 
chology, and Mildred Harper.) 

An extremely frequent and important mental process con- 
sists in the reference of some item of knowledge to some 
familiar class. The assimilation of knowledge involves the 
appreciation of the relation of the new fact to the general 
body of acquired knowledge. In order to maintain in an 
orderly and accessible form our mental acquisitions it is nec- 
essary to view each item of information as belonging to such 
and such classes. Psychologists have variously analyzed 
this process ; some express their views by picturing the mind 
as possessing a number of apperceptive instruments and using 
now one and now another of these according to the nature of 
the object to be assimilated, or, again, as a series of lanterns 
each of which has its own focus and field of illumination. 
However we may view the process it is clearly essential to the 
acquisition of knowledge, and it is strange that the study of 
the time-relations of this process has been hitherto so largely 
overlooked. The present contribution considers the time of a 
special form of such classification. 

As a distinctive and readily studied form of such reaction 
we selected the reference of a common word to its grammati- 
cal class. We further limited the problem by selecting the fol- 
lowing ten nouns, ten verbs and ten adjectives and confining 
our reactions to calling the proi)er part of si)eech to which 
one of these words belonged : house, cat, book, ship, ant, sun, 
lake, doll, man, girl ; push, have, cut, mix, go, die, look, sit, 
jump, touch ; tough, wet, good, blue, low, bad, high, thin, 
hot, black. 

These words were chosen as familiar, distinctive and mono- 
sylabic representatives of their classes. The full list of words 
which he might be called upon to classify was always read to 
the subject tefore each kind of experiment. We reacted to a 
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si>oken word by a spoken word. The apparatus by which 
this was accomplished consisted of a bit of wood held between 
the teeth connected with one arm of a lever the other arm of 
which bore a metallic point for electrical contact. A spring 
connected with the lever tended to pull the bit from between 
the teeth, and according to the adjustment to make or break 
an elect -ic circuit. Both subject and observer used an instu- 
ment of this kind, the instruments being so connected with 
the chionosqlpe that the release of the bit from the mouth 
of the observer started, and a similar action from the subject 
stopped it. The necessary act of separating the teeth that 
accompanies articulation is here taken as the point of measure- 
ment. The apparatus is fairly satisfactry, and so long as the 
results are used mainly for relative purposes the error in- 
volved in its use may be neglected. A i)erfect apparatus 
whereby the utterance of a word will start or stop a chrono- 
scope is still a desideratum. 

The entire process may be viewed as consisting of the fol- 
lowing steps : (1) the hearing of the sound uttered, (2) the 
recognition of the word, (3) the reference of the word to its 
class, (4) the summoning of the term describing that class, 
(5) the muscular innervation accompanying the utterance of 
the term. In order to determine the time of the purely men- 
tal process involved in expressing the fact that a certain one 
of ten words is a noun, or verb, or adjective, it was necessary 
to measure separately the time of the mechanical steps. The 
simple reaction involved evidently consists of steps (1) and 
(5). This time for each of the three subjects we found to be 
190<^, 195<y and 199^^ resi)ectively. It is naturally somewhat 
long for a simple reaction because the muscular contractions 
by which it is signalled that the impression has been received 
are complicated, and because the moment at which the chrono- 
scope starts may slightly precede that at which the sound- 
wave reaches the subject's tympanum. In all these simple 
reactions both observer and subject used what seemed to be 
the easiest vocal utterance ; it consisted of a violent expira- 
tion, the result resembling the sound eh. 

We further need in order to measure step (3) in which we 
are particularly interested a process involving steps (2) and 
(4) as well as the simple reaction. It seemed impossible to 
devise any simple process of the kind, but the process of 
repeating a word sufficiently approximates it for our present 
purpose. This process clearly involves in addition to the 
simple reaction, the recognition of a word and the summoning 
and utterance of a word. The only question would be whether 
the summoning of a term denoting a grammatical class is of 
equal difficulty with the repetition of a recognized word, but 
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as both are very familiar and somewhat mechanical processes, 
their time relations can hardly be very different. "Die rei)eti- 
tion time for the three subjects was as follows : 367<^, 28(K, 
833*^. 

The experiments in which words were referred to grammati- 
cal classes were of the following kinds : (1) the subject was 
to tell whether the word was a noun or verb ; (2) the same 
distinction regarding nouns and adjectives; (3) the same 
distinction regarding verbs and adjectives ; (4) the same dis- 
tinction regarding nouns, verbs and adjectives. Experiments 
are grouped in sets of twenty each. In fact from 22 to 25 ob- 
servations were taken and those most divergent from the 
average of all were discarded until 20 were left. Anew 
average of these 20 was entered. The following table gives 
for each of the three subjects the average time of the several 
reactions together with tlie number of sets of which it is the 
average. 
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Combining the results of the three observers we obtain as 
the result the fact that with a reaction time of 195<^, and a 
repetition time of 327<^, it takes 603^ to determine whether one 
of a set of words belongs to one or the other of two grammati- 
cal classes (the mentid portion of this process consuming 
276<^), and tiiat it takes 645<^ to refer a word to one of three 
grammatical classes. 

It hardly seemed worth while to calculate the mean varia- 
tion of these observations, but to satisfy ourselves regarding 
the regularity of the results we calculated it for the three 
most typical sets under each kind of reaction. Expressing 
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the mean variation for these three sets as a percentage of the 
general average time for the kind of reaction^ we obtain the 
following table. 
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This table indicates a very fair degree of regularity with 
the exception that, markedly in the case of M. L. H., and to 
some extent in the case of G. W. M., the variation for the 
simple reaction is large. This is clearly due to the fact that 
exi>erimentation began with the simple reaction alone so that 
this variation indicates absence of practice in reaction work. 

The results are, however, effected by inequalities of 
practice. This is particularly true of the time for *Noun- 
Yerb- Adjective' distinctions which observations were made 
last and were therefore most benefitted by the practice 
gained in the former distinctions. It is probable, therefore, 
tiiat the difference in time, 42<y between the two processes is 
too small. This appears more clearly in considering the re- 
sults for each subject. For J. J., who began with most prac- 
tice in this kind of observation and whose time for the three 
classes of distinction, 'Noun-Yerb,' *Noun- Adjective' and 
'Yerb-Adjective,' show greatest constancy, the difference in 
question is largest, 71<^. For 6. W. M., who began with 
some practice in reaction experiments the difference is inter- 
mediate, 43<^, and would be greater were it not for the special 
and temporary difficulty he encountered in distinguishing 
verbs from adjectives, the difference between the average of 
the 'Noun-Yerb' and 'Noun- Adjective' and the *Noun-Yerb- 
Adjective' being likewise 71*^. While for M. L. H., who 
began with no practice and showed steadily decreasing time 
for each successive kind of reaction attempted, the difference 
in question is but 12<y. It is probable then that the time 



Digitized by 



Google 



STUDIES FBOM UNIVEBSITY OF WISCONSIN. 415 

ior J. J., 71<^, is a more typical resnlt than the general aver- 
age, 42<^. 

'Die relative difficulty of the three pairs of distinctions, 
'Noun- Verb,' 'Noun- Adjective' and 'Verb- Adjective' proba- 
bly varies with different individuals ; in the present study it 
is also affected by differences of practice ; on the whole, how- 
•ever, our results favor the view that the three are of practi- 
-oally equal difficulty. 

The increase in time in passing from two distinctions to 
three is an interesting illustration of the effect of the mental 
attitude on reaction times. The process involved is the 
43ame in both cases, to decide, for example, that man is a 
noun^ but this decision requires more time when the word in 
question may belong to one of three grammatical classes than 
when it may belong to one of only two. Our results indicate 
that all of these processes are quite complicated and that 
their time-relations dei)end upon the accessibility of very 
familiar items of knowledge. 

Begarding possible differences between the several words, 
they may vary with individuals ; extended results would 
be needed to clearly show their existence. It is interesting, 
however, to observe that taking the average reaction of each 
word in all the three kinds in which it occurs we find among 
nouns "ship'' was most quickly classified by all three sub- 
jects; another easy word was "man"; especially difficult 
nouns that were "doll,' "ant" and "cat"; among verbs "sit," 
"jump" and "go" were relatively easy, "have" and "cut" 
relatively difficult ; among the adjectives "good" was par- 
ticularly easy, "wet" and "blue" fairly so, "high" particu- 
larly difficult, "bad" and "hot" fairly so. It should be 
noted, too, that this difficulty may in part be due to difficul- 
ties of recognition and pronunciation. 

Finding-Time. 

(With the assistance of Winifred Seroombe and Luor M. 
Churchill, [Mrs. Prank T. Baldwin].) 

We have employed the term " finding- time " to denote the 
time occupied in the process of finding a giveifc object within 
a given field ; we recognize with what different facility and 
rapidity different i>ersons i>erform such tasks, and even in the 
same individual tiie time is subject to variation. We have 
all experienced the difficulty of finding an object even when 
it is plainly in sight, and have wondered at the long time 
necessary to find a quotation in a volume and the like. In 
this process we carry with us a mental picture of the object 
sought and we react when the subjective corresponds to the 
objective picture. The ability to recognize one of a number 
of objects as the one desired is certainly a useful trait and 
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may x>6rhaps be a convenient test of mental alertness. It is^ 
this process that we desired to study and to measure. The 
difficulty of finding an object varies with several factors, the 
most important of which may be thus summarized : (1) the 
number of objects amongst which one is sought ; (2) the 
nature of the object ; (3) the minuteness or complexity of the 
differences by which the one object is distinguished from the 
others ; (4) the degree of probability (which may amount to 
certainty) that the object sought is within the given area. 

In our study the objects sought were the letters of the 
alphabet ; the method of finding them was as follows : The 
letters (plain capitals about 4 dioptrics or in the average 6.5 
mm. square and very closely conforming to the Snellen types) 
were gummed on a card which was in turn fastened on a 
block, and were seen through square openings in a black 
screen. These oi)enings, 25 in number, were 11 mm. square 
and were each separate by 19.5 mm. above and below and to 
each side from the neighboring opening ; this screen was laid 
on a glass plate mounted in a square frame that slipped over 
the block and (inside) was about 15 mm. larger each way 
than the block. The block contained four alphabets distrib- 
uted by a chance arrangement, and according as the frame- 
was moved to the upper left hand, the upper right hand, the 
lower right hand, or the lower left hand comer, one or an- 
other of these alphabets was seen through the openings in the 
screen. The arrangement may be made clear by reference ta 
the letters below. Here each different kind of tjrpe repre- 
sents an alphabet and it will be clear from this how a simple 
movement was sufficient to bring to view through the openings 
in the screen another alphabet. In the original all the letters 
are of course alike, and distributed by a chance arrangement. 
Connected with the frame by means of two iron uprights was- 
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a head piece similar to that of a stereoscope against which 
the subject rested his head and through two openings in 
which he viewed the letters. Across these openings is a 
hard- rubber flap which may be quickly withdrawn by bring- 
ing into action a strong spring. As this flap opens it closes 
an electric circuit and thus starts the chronoscope. ^ 

An observation was conducted as follows : the frame is 
set for a certain alphabet ; the operator announces the letter 
to be found (this also serves as a signal) and shortly there- 
after he pulls a cord releasing the spring and allowing the 
subject a view of the letters. As soon as the desired letter 
is seen the subject presses a key and stops the chronoscope. 
To test whether the subject knows where the letter is situated 
he keeps a record of each answer. The positions were indicated 
by lettering the double rows A, B, C, D, E. and the columns 
1, 2, 3, 4, 5, so that Al would indicate the upper left-hand 
comer, D5 the lower right hand corner and C3 the centre 
letter. In the first experiments 26 letters were thus shown 
(Q was omitted), but this could be reduced to a four-square 
(16 letters) by covering over either the row A or E together 
with either column 1 or 5. Throughout the experiments ex- 
cept when distinctly stated otherwise, the subject was assured 
that the letter sought was present. 

The following table represents our average results for the 
three observers separately and together. 
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The numbers in parentheses indicate the number of sets of 
20 observations from which each average was derived ; the 

' The essential features of this apparatus as well as of the problem 
investigated were suggested by Prof. G. Stanley Hall and were elabor- 
ated in conjunction with him at Johns Hopkins University some years 
ago. 
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other numbers represent the average times in <r=.001 second. 
We see that it took on the average 569<^ to find one of 25 
letters and 381<^ to find one of 16 letters. The process is 
thus quite complicated and is very difficult at first, the stage 
of initial practice being quite marked and the first few sets 
yielding very long times. Considerable of this time is con- 
sumed in the process of accommodating the eyes to the plane 
of the letters and bringing them clearly into view. We con- 
sidered that this time would be measured by measuring the 
time needed to see what letter occupied a certain x>osition 
amongst the twenty-five. Instead of calling a letter and react- 
ing when its i>osition was seen, a x>osition was called, for 
example Al, C3, etc., and the subject reacted when the letter 
occupying that x>osition was recognized. The subject here 
knows just where to look and, although this time includes the 
recognition of the letter as well, we should remember that it 
is probably fair to exclude this element from the time of find- 
ing letters, the finding time strictly applying only to the 
process of search. While therefore only an approximate 
elimination of the mechanical process is obtained by sub- 
tracting the ^^ placing time " (as we shall call this latter step) 
from &e *' finding- time,'' yet this difierence very fairly 
represents the distinctive part of the finding process and is 
remarkably alike in the three subjects, 273<y, 275^ and 285^. 

The effect of the number of objects amongst which one is to 
be sought, and of the larger field is illustrated in the difference 
of time between finding one out of 16 and one out of 25 
letters ; this is on the average 188<^ and in the individuals 
169<y, 183<y and 212^. The ratio of the times to find one out of 
25 and one out of 16 letters thus increases in the proportion 
of 1.55 to 1 which is just the ratio of 25 to 16. 

In *' placing'' a letter, that is, in recognizing what letter 
occupies a certain x>osition, it is obvious that the time should 
be little, if at all, affected by the number of places, and the 
slight difference between the values found for placing one of 
16 or one of 26 letters, 260^, and 291*^ is probably due to the 
fact that the former sets represent a more advanced stage of 
practice than the latter. 

The next variation presents an interesting difference ; 16 
letters are present and, as before, these change with every ob- . 
servation, but instead of calling only for those letters that are 
present, any one of the 25 letters may be called for, and if not 
prescmt the subject reacts as soon as he is convinced of its 
absence. The average result of all the experiments per- 
formed in this manner is 775<^ ; this, however, is not as signif- 
icant as the result we obtain by considering separately those 
cases in which the letter to be found was present and those 



Digitized by 



Google 



STUDIES FROM UNIVEESITY OF WISCONSIN. , 419 

cases in which it was absent. That it should take longer to 
go through a series of 16 letters and determine that a certain 
one is absent, than to determine its presence, is to be exx)ected; 
the difference is certainly great whether we compare it with the 
finding time of one of 25 letters or more properly with the find- 
ing time of one of 16 letters. It takes 571^ longer, or 2 J4 times 
as long, to determine that a given letter is not among a group 
of 16 than to find it if it is present. But while it takes 381(t to 
find one of 16 letters when the subject knows it is there, it 
takes 693ff to perform precisely the same process when there 
is a chance (strictly when there are 36 chances in a 100) that 
the letter he is seeking may be absent. This result most 
strikingly illustrates the effect of the fore-knowledge of the 
subject upon the time of mental processes ; the apparently 
simple process of comparing an objective with a subjective 
image varies its character according to the underlying con- 
nection by which the process is accompanied. This result, 
too, appears in the fact that, while in finding letters all of 
which are known to be present, an error is exceedingly rare • 
when the letters may be absent..J5]^rrors are quite numerous 
and consist in declaring a letter that is present to be absent. 

In certain processes it is relatively easier and quicker to do 
two things together than to perform them separately ; this being 
due to an overlapping of the mental processes. There is a divi- 
sion of the attention among the several mental tasks so that 
the time needed for the whole is considerably less than the 
sum of the times needed to do each separately. In other cases 
the attempt to perform processes together seems to result in 
a mutual inhibition or confusion and a loss of time and energy. 
As a small contribution to an investigation of this problem 
we determined in two subjects how long it takes to find two 
letters among 25 and to note their positions. The two letters 
were announced beforehand and as soon as both were found 
the subject reacted. This proved to be a very difficult and 
often confusing process ; it took on the average 1640<y which 
(for the two persons under consideration) is 418*^ longer than 
twice the time needed to find one letter. This may serve as 
an index of the loss of energy in attempting to have two pro- 
cesses before the mind simultaneously.. 

While our results are not sufficiently numerous or free 
from great variation to warrant detailed inferences, yet there 
are two such questions of detail the importance of which 
justifies even the mention of the imperfect information we are 
able to give. The first relates to the difference in ease in 
recognizing the various letters. That such differences occur 
has been shown by more suitable methods. Our results show 
considerable variation ; for one subject the range is from 
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393<' for W to 557*^ for T ; for another from 487<' for S to 719<^ 
for L. On the whole the three letters most quickly fonnd 
were S, O, and W ; and the four least quickly found L, J, 
H and T. If we ventured to divide the alphabet into three 
groups of easy, medium and difficult letters, our lists would 
read : 1. S, O, W, N, D, C, E, I ; 2. X!, B, Z, G, M, Y, 
A, B, B ; 3. K, XI, P, V, T, H, J, L. It must be remem- 
bered however that no great weight is to be placed in this 
detailed result. The second question involves the query 
whether the letters nearer the centre of the block are more 
readily found than those away from the centre. Our results 
are unfortunately not recoi*ded in such form as to readily allow 
of the determination of this point; but we compared the 
times for all the letters found in positions B3, D3, C2 and 
C4, that is, in a diamond about the central letter C3, with 
those for finding the four positions furthest removed from the 
centre, Al, A5, El, E5. Our result showed a slight 
excess of time for finding the peripheral letters, an excess too 
slight perhaps to be recorded were it not for its constancy in 
all three individuals. 

This first attempt to gain a deeper insight into the mentsd 
process of finding certainly leaves untouched the larger 
number of important and suggestive queries attached to it, 
and yet the results obtained are sufficiently clear and con- 
sistent to justify the promise of future investigation. , 

Some Anthbopometbic and Psychologho Tests on Col- 
lege Students.— A Pbeliminaby Subvey. 

(With the assistance of Georgb W.Mobbhouse, Fellow in Psychology.) 

During the fall of 1890 it was decided to ask the students 
in the general class in Psychology to lend themselves to 
series of physical and psychologicjEtl tests with a view of 
interesting the students in such tests as well as acquiring a 
body of statistical material which when sufficiently extended 
and properly compared with other statistics might prove of 
considerable value. 

The experiments were not extensive in character but they 
served to bring out the difficulties in this line of work, and 
the publication of the present fragmentary results ^ is ventured 
in the hopes of furthering similar observations elsewhere. 

The tables given below require more or less explanation and 
comment. The physical measurements of the men are in the 

^ Simple and few as the tests were they required about 50 minutes 
for each student. If the tests could be arranged so that several persons 
might be tested together without interference a great saving of time 
would result. 
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main those regarded as most important by Mr. Galton, and 
were made wit^ the intention ol correlating mental with phys- 
ical characteristics. The apparatus employed was very 
simple and hardly needs description. The dynamometer is 
^1 the Fer^ pattern, made by CulUn, Paris. Similar measure- 
ments for the women were obtained through the courtesy of 
Miss Ballard, in charge of the Ladies' Gymnasium, but were 
too few in number to warrant tabulation. 

In four cases the measurements made by Mr. G^lton upon 
miscellaneous Englishmen are exactly repeated upon these 
college students, and the results indicate in so far as such few 
results can indicate, a superiority in favor of the college 
students. 

The sensibility tests were selected to quickly yield a few 
typical results. Like all such observations the chief difficulty 
lies in the fact that the subjects are not used to accurately ob- 
serving their sensations, so that a relatively brief practice 
would in many cases alter the result. The sBst^iesiometer em- 
ployed was that described in this Journal (Vol. I, p. 552). It 
appears that the distance at which two points could be ielt as 
two on the back of the hand was 16.4 mm. and on the finger- 
tip 1.63 mm.; the former result being strikingly small as 
compared with Weber's tables. 

The sensitiveness of the palm was tested by determining 
the minimum height from which the fall of a bit of card-board 
could be perceived. These bits of card-board weighed .9 
mgr. and were cut in rectangles of 1 by 2 mm. from a sheet 
of millimeter paper pasted upon the card-board. 

The apparatus used for testing the pressure sense was a 
modification of Fairbank's i)08t-office balance in which the 
weights were placed upon the scale pan, thus exerting an 
upward pressure upon the finger resting upon a cushioned 
plate at the end of the beam. A comfortable and firm posi- 
tion was secured and an attachment provided by which fatigue 
was prevented. Two-sevenths of the weight on the scale pan 
acted upon the finger. The table records that additional 
weight (to the nearest 25 gr.) which could be correctly dis- 
tinguished about 3 or 4 times from an initial weight of 500 
gr. But few observations were taken and the result is only 
approximate. The general result is that a difference of about 
^ or ^ of the initial weight may be correctly appreciated. 

We also attempted to measure sensitiveness to pain. For 
this purpose we used a light hammer (weight 98.3 gr.) 
pivoted at a point 200 mm. from the center of its iron head, 
and allowed it to fall on the tip of the fore-finger of each 
hand. The back of the hand as well as the finger struck was 
supported. The table records the minimum number of degrees 
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through which the hammer mast fall in order to cause a pain- 
ful sensation. While this is naturally not a clearly defined 
point, still its constancy was surprising. The left hand ap- 
pears to be more sensitive than the right. As fewfaUs of the 
hammer as possible should be used in this test as the skin 
rapidly fatigues. 

We take up next a description of the tests of vision. The 
printed page was first placed beyond the subject's vision, then 
gradually moved toward him along a sliding scale until he 
could just read it. The column of the table gives the distance 
at which, with the maximum strain, the page could be read. 
The size of the type is that in which this article is printed. 
The same page was then held as close to the eye as possible 
and yet have the subjet able to read it. We next record the 
smallest size of print (in dioptrics) that could be read at 25 
feet. 

For the next test we prepared a large white disc with small 
black sectors ranging from 1° to 15° and proceeding by half - 
degrees up to 5°. When this was rotated there appeared a 
series of concentric rings of various light shades of gray, each 
ring being 10 mm. wide and separated by 5 mm. from its 
neighbors. The subject counted as many concentric rings as 
he could see, and the result was then read ofi in degrees. 

The acuteness of vision was tested in several ways, (A)^ 
by finding the distance at which a series of black lines 1 mm. 
wide and separated by spaces of 1 mm. could be recognized 
and the spaces between the lines clearly discerned, (B), by a 
similar determination with a checkerboard pattern, both black 
and white squares, being 4 mm. square, and (C) by the dis- 
tance at which either 7 or 8, 11 or 12 and 15 or 16 dots 2 mm. 
in diameter and irregularly arranged in a rectangle of 25x40 
mm., could be counted. The results are recorded in inches. 

Our next test related to color and we attempted at the same 
time to detect any color defects, and to get some measurement 
of the rapidity and accuracy of color distinctions. Each 
student was required to mateh as rapidly as possible 30 
colored ovals of a Magnus- Jeffries Color Chart (as published 
by Prang). We also noted irregularities in matching. The 
average time shows about six seconds for each color. 

The strength of vision we tested by noting the smallest size 
of letter readable at 25 ft. through one and tifirough two thick- 
nesses of common cheese-cloth. No student could see the 
letters at all, up to 50 dioptrics through three thicknesses. 
The result is recorded in dioptrics.^ 

* The only test for hearing that we attempted was to determine from 
what height a shot weighing 10 mgmm. must be dropped upon a glass 
plate to have the sound heard by the subject at a distance of 25 ft. The 
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We also made a few tests of the rapidity of movement. 
This was done by arranging two keys so that the closure of 
the one would start a Hipp Ghronoscope and of the 
other would stop it. The distance between the keys was 
in the one case 38 inches and in the other case 3 
inches. With the keys 38 inches apart the subject was 
first told to touch them in succession, not as fast as i>ossible 
but at any rate which seemed natural to him. He next made 
a movement of the same extent, as well as one of 3 inches, as 
fast as possible. This was done separately for the right and 
left hands, and the average time of about 5 movements is 
recorded in the table. The movement must be somewhat 
accurate in order that the key shall be struck at each end. 
The results for the maximum movements enables us to deter- 
mine that the movement alone was at the rate of about 8 feet 
-per second. 

It had been our intention to meet each student a second 
time and with this intention we inaugurated a series of tests 
of sense-judgment, only a very small portion of which was 
completed, namely those relating to pressure and one relating 
to the space sense of the skin. The subject was first required 
to i>our as much shot in the palm of his right hand as he 
thought would weight an ounce. The average weight of 
the shot thus estimated to weigh an ounce was 37 gm., 
or an exaggeration of 13% (men 47 gm., an exagger- 
ation 65%; women 22 gm., an underestimation of 21%). 
He was next asked to pour as much shot into a box 
(3ix3ix4 in. made of i in. pine) as he thought necessary to 
have shot and box weigh one ounce. In this case the average 
result was 97 gm. or an exaggeration of 242% (men 100 gm., 
exaggeration 252%; wojnen 92.5 gm., exaggeration 226%). 
The illusion involved in this test is the well known fact that 
a stimulus spread over a larger area seems much less intense 
than a like stimulus confin^ to a more limited area. The 
result, in the two cases given above, measures the degree of 
the illusion. He next repeated the operation with the inten- 
tion of making the box and shot weigh one pound. The 
average result was 548 gm. an exaggeration of 289fe (men 605 
gm., an exaggeration of 34% ; women 463, an exaggeration of 
2%). We find here a smaller percentage of exaggeration 
than in case of the ounce. He was then given the box which 
he regarded as one pound and irrespective of its actual weight 
was asked to put enough shot into another box to make it 

average result 27.8 mm. is inaccurate owing to the impossibily of secur- 
ing absolute and constant quiet. It is interesting to note that the hear- 
ing of the women was more acute than that of the men, the results 
being 17 and 35 mm. respectively. 
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weigh doable the first. The average result was 879 gr. or 
an nnderestimatloii of 20% (men 940 gr., underestimation 
23% ; women 789 gr., underestimation 15%). 

The space-test consisted simply in spreading the points of 
the sesthesiometer on the back of the subject's hand until he 
regarded the distance between the points to be one inch. The 
average result was 30.6 mm., an exaggeration of 20% (men 
31 mm., exaggeration 22%; women 30 mm., exaggera- 
tion 18%). 

It is interesting to note that in all these tests of sense- 
judgment the women are more correct than the men. 

In addition to this a few tests on bilateral symmetry of 
motion were made upon 17 of the lady students. They were 
asked to move the fore- fingers of the two hands outward from 
a common point along horizontal bars of a wooden cross the 
intention being to move the two arms to an equal distance. 
The movements were first made with the fingers at all points 
resting on the bar and were further subdivided into fast 
movements and slow movements, and again into large move- 
ments and small movements. All these variations were also 
gone through with for movements in which the fingers were 
lifted up into the air and brought down upon the bar at the 
end of the movement, (free movements). The table shows 
the result from each of these variations. It appears that, in 
each case, the right hand makes the larger movement, the 
excess on the average amounting to 16.5 mm. Eegarding the 
extent of the excess of the 'preferred hand it is necessary to 
note that one student is markedly left-handed and another 
nearly ambidextrous. In both these cases the left hand makes 
the larger excursions and thus the average excess of the 
preferred hand becomes 16.7 mm. or f of an inch. 

It appears that the most influential of the distinctions made 
is that between the guided and the free movements, the 
average excess of the preferred hand in the case of the guided 
movements being 10.1 mm. and in free movements 23.4 mm. 
The size of the movement is of some influence upon this 
excess, it being on the average 21.3 mm. for the large move- 
ments and 12.1 mm. for small movements. In slow move- 
ment the excess of the preferred hand is more marked than in 
fast movements, being 19.9 mm. in the former and 13.5 in the 
latter. Individuals show considerable difference in the 
amount of this excess of the preferred hand, the average 
excess for the 17 different individuals being as follows : 54.3, 
30.7, 30.1, 25.1, 22.6, 20.6, 17.6, 17.0, 12.8^ 12.6, 10.9, 10.7 
(left), 9.9. 9.0, 8.0, 8.0 (left), and 3.9 mm. 

In addition to the measurements given above we placed 
before them a series of miscellaneous questions in regard to 
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personal and family charactenstics. From the answers to 
these questions we collect the following data : the average 
age was 21 yrs. 11 mo. (31 men 22 yrs. 4 mo.; 22 women 
21 yrs. 4 mo. ) Of the 53 students 45 were bom in Wisconsin, 
7 in adjoining states while 1 is of foreign birth. Begarding 
the birth-place of the parents, in 29 cases it is in foreign 
lands, 23 in New England States, Vermont predominating, 
32 in Middle States (N. Y. 28, Penn. 4), 21 from Western 



The occupation of the father was noted with the following 
result : 15 merchants and manufacturers, 10 farmers, 13 pro- 
fessional men, 5 officials, 4 mechanics, 5 bankers and real- 
estate dealers. 

When asked to state whether they regarded their health as 
"excellent," "good,'' "middling'' or "poor," 20 (14 men 
and 6 women) pronounced it "excellent," 28 (13 men and 15 
women) "good," 4 (3 men and 1 women) "middling" audi 
" poor." When questioned as to the existence of headaches 
or other chronic complaints 30 (16 men and 14 women) de- 
clared themselves free from all such, 13 (9 men and 4 women) 
were troubled with headache and 7 with other complaints. 

46 of 52 students (27 men and 19 women) called their sleep 
"regular" and the rest "irregular," and 33 of 46 students 
(23 men and 10 women) spoke of their sleep as "sound," 
and the rest as "light." The average duration of sleep was 
just 8 hours. 

It will be interesting to compare, as far as i)0ssible, the 
records of the men with those of the women. The general 
result regarding dermal sensations is that women have finer 
sensibility than men. This is true for each one of the tests 
made, but the differences are comparatively slight, except for 
the absolute sensitiveness of the palm and the sensitiveness 
to pain. The greater sensitiveness in women in both of these 
eases indicates freedom from rough usage. 

As regards vision the difierences on the whole are so small' 
as to prove no superiority in the one case or in the other. To 
this there is but one exception and that is in the accuracy and 
rapidity of color perception in which the women are clearly 
better than the men. 

Finally regarding the rate of movement, the n6rmal move- 
ments, that is those adopted when no special direction is 
given, are quicker in women than men while the maximum 
movements, particularly in case of the longer movements, are 
faster in men. All these differences are consistently related 
to well recognized differences in the two sexes regarding the 
use and development of the different senses. 



Digitized by 



Google 



426 



JA8TBOW : 



Table I. 
Physical MeasnremeDts (of 31 Meo, in mm.) 



sSSSi.. 


Height 
SittiufT, from 
Seat of Chair. 


Span of 
Arms. 


Chf»t 
Girth. 


Head 
Qirth. 


Strength 
of SqueeM.* 


1748 


926 


1813 


910 


676 


41.25 



Table n. 
Sensation and Movement. 



Dermal Sensations. 



Two Points Felt as Two. 


SensitiTe- 


PreflBure 


Sensitiveness to Pain. 


Back of 
Hand. 


Tip of 
Forefinger. 


nefts 
of Pahn. 


Sense. 


Right 


Left 
Hand. 


T.» 

19.4 
(62)4 


M. 

17.6 
(80) 


W. 

16.0 
(22) 


T. 

1.63 
(64; 


M. 

1.71 

(82) 


W. 

1.62 

(22) 


T. 

44.0 
(49) 


M. 

68.2 

(27) 


W. 

21.9 
(22) 


T. 

82.6 
(68) 


M. 

88.7 

(81) 


W. 

80.7 
(22) 


T. 

26.7 

(68) 


M. 

88.9 

(81) 


W. 

16.6 
(22) 


T. 
19.8 

m 


M. 

22.7 
(80) 


W. 

14.8 
(22) 



Sight (53 Students; 31 men, 22 women). 



Distance at 
which print 
can be read. 


Near point 

for 

print. 


Smallest 

type visible 

at 25 ft. 


Differentia- 
tion of white 
from gray. 


Time for sort- 
ing 80 colors. 


Distance at 

which lines 

canberiKiog- 

nized. 


T. 

62.9 


M. 
68.6 


W. 
52.1 


T. 

2.<V 


M. 

2.4 


W. 

27 


T. 
8.8 


M. 
9.4 


W. 

6.7 


T. 

2.620 


M. 
2.740 


W. 

2.420 


T. 

177" 


M. 
212" 


W. 

180" 


T. 
108 


M. 
117 


W. 
97 



Sight, continued, (53 students; 31 men, 22 women). 



Distance at which dots can be counted. 


Distance at 
which check- 
er-board pat- 
tern can be 
recognized. 


Letter visible through cloth. 


7 or 8. 


11 or 12. 


16 or 16. 


1 thickness. 


2 thicknesses. 


T. 
167 


M. 
166 


W. 
169 


T. 
141 


M. 
141 


W. 
140 


T. 
101 


M. 
108 


W. 

91 


T. 
122 


M. 
121 


W. 

124 


T. 
22.0 


M. 
24.7 


W. 

19.0 


T. 

48.6 


M. 
46 


W. 

42.0 



^ The height of heel (average 21.2 mm.) has been subtracted from full 
height. 

'This measurement was taken upon only 16 men and is expressed in 
kilograms. 

* M is the result for the men, W that for women, T the average of both. 

* The figures in parentheses give the number of persons tested. 
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Movement through 88 inches. 


Movement through 3 in. 


Normal. 


Mft'^JTmitn- 


Maximum. 


Right Hand. 


Left Hand. 


Right Hand. 


Left Hand. 


Right Hand. 


Left Hand. 


T. 

» 
1000 


M. 

T 
1070 


W. 

895 


T. 
008 


M. 
064 


w. 

817 


T. 

542 


M. 
506 


W. 

601 


T. 
627 


M. 
498 


W. 

574 


T. 
181 


M. 
181 


W. 

181 


T. 
185 


M. 

172 


W. 

205 



^ These numbers indicate tr = .001 sec. 
Table III. 



Symmetry Movements. 









Guided. 














.Free. 








Fast. 


Slow. 


Past. 


Slow. 


Large. 


Small. 


Large. 


SmaU. 


Large. 


SmaU. 


Large. 


SmaU. 


R. 
496 


L. 
494 


R. 
179 


L. 

170 


R. 
498 


L. 
505 


R. 

190 


L. 
177 


R. 
505 


L. 

497 


R. 
199 


L. 
185 


R. 
510 


L. 
480 


R. 

180 


L. 
168 



Addition to Literature Notices under article on Zollner's Illusion. 

Mt^llbr-Lter (Du Bois Reymond's Archiv. Supp. Band 1889) gives a 
brief but valuable account of a variety of optical illusions of judgment. 
He clearly demonstrates the influence of angles, of positions of ^ures, 
and the like upon their apparent size. His explanation of the illusions 
refers them to the tendency of considering surrounding and suggested 
areas in the judgment of lines and areas. He also mentions the effect 
of the angle in Zollner's illusion, but does not enlarge upon its relation 
to the other illusions. The article, while comprehensive and original, 
does not add materially to the explanation of the illusion^ 



*The iUusions of contract in our article are described in MttUer-Lyer's article. WhUe 
I had read this article in 1889, 1 had entirely forgotten about^it in the present investiga- 
tion and worked out the present figures, which I had not seen before (they are not 
figured in Mililer-Lyer's article but only incidentally described) independently. Dr. 
Sanford has drawn the figures described by MfiUer-Lyer, and through him my attention 
was again called to this figure and article after the present article was written.-^. J. 
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Corrections to ^^ Studies from the Laboratory of Experimental Psy- 
chology of the University of Wisconsin." Am. Journal of Pstchol- 
OGT. vol. IV., No. 2. 

On page 199 insert the following table, accidentally omitted : 



Havoic of Words. 


J.J. 


P.W. 

a. 


MOTOB. 


SSNSOBT. 




J.J. 


P.W. 


J.J. 


P.W. 


Any word whatever 

One of 100 verbs 

One of 50 animals 

One of 20 names . 

One of 20 letters ...... 

One of 10 French words . . . 
One of 10 numbers 


269 
260 
250 
238 
238 
245 
229 


267 
265 
262 
249 
243 
251 
233 


266 
253 
250 
233 
237 
246 
227 


262 
263 
256 
216 
233 
249 
232 


272 
265 
250 
243 
239 
244 
231 


272 
267 
268 
252 
352 
253 
234 


Simple Keaction Time .... 


177 


187 


174 


184 


181 


191 



The pa^es in ^^ Accessory Apparatus for Accurate Time-Measure- 
ments" belong to the study of ^^ The Effect of Foreknowledge upon 
Bepetitlon-Times," and the ^^Note upon Apparatus and Method" 
(p. 200) is a part of the former. 

The ^*Note A— On the Timing of Rotating Discs," and the "Note on 
a device for color mixing "(p. 211J) belong to the study of "A Novel 
Optical Illusion," and should be credited to Mr. Moorehouse. In the cot 
(p. 210) the letters B P on the right hand side should be B' P'. 
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3^ ERIE S F Q IT R T H 
FROM THE AMERICAN, JOURNAL OP PSYCHaLOGY. 
^ol.. 5. ..No.- .^2., Nov.. .l^^ii*. • . , . . 

ON THE JIIDGliIENT OF ANGLES AND POSITIONS OP LINB5S. 



^.— On thb Judgment of Akgi^es. 

By Joseph Jastrow, Ph. D. 
With the agsistance of Gao. W. Moorbhousb, Fellow in Pojchology. 

The nature and extent of our errors in estimating and reprodacing 
angles are the subject of our present inquiry. The point acquires a 
special interest from the fact that a number of writers have based 
their explanations of important optical illusions upon the view 
(apparently not tested by experiment) that acute angles areunder- 
esiunated and obtuse angles overestimated. Such an investigation 
naturally begins with a definite mode of judgment or reproduction 
under definite circumstances, and is then to be supplemented by 
an investigation of the extent to which the results obtained are due 
to peculiarities of the method employed. We selected the angles 
16^ 30°, 45° 60°, 76°, 90°, 106°, 120<», 136°, 160°, 166o as our standard 
angles and drew these upon circular pieces of cardboard (3 in. in 
diameter); the lines themselves were 30 mm. long and were so 
placed that one line was always horizontal. The papers on which 
the angles were to be reproduced by the subject were placed on a 
table and the drawings made in the normal writing position. For 
convenience all acute angles were formed on the left hand side and 
obtuse ones on the right, so that the drawing might be uniformly 
from left to right. The subject viewed the angle as long as was 
needed to flix it in his mind (from 6 to 16 seconds) and immediately 
thereupon, from his memory of the angle, drew another as nearly 
as possible equal to the first. He did this by adding a line to a 
horizontal line of 30 mm. which was given him (always in the same 
position) upon the squares of paper upon which he drew. The 
drawing was done with a hard, weU-pointed lead-pencil. Each of 
the standard angles occurred twice in a set of 22 angles, the order 
of the angles being determined by chance. The results of the 
measurements of 62 such sets, or 124 reproductions of each angle by 
13 subjects in all, are shown in the following table : 



standard 
Angie 


16° 


30° 


46° 


60° 


76° 


90° 


106° 


120° 


136° 


160° 


166° 


AverageBe- 
production 


18°03' 


30°27' 


42°09' 


66°26' 


69°44' 


90°06' 


113°34' 


123°66' 


136°29' 


160°33' 


163°49' 


Error (from 
corrected 
standard)' 


+2°23' 


-0°66' 


-2°16' 


-6°13' 


-6°46' 


-|-0°06' 


4-7^64' 


+3°22' 


+0°19' 


-1°05' 


-2°41' 



i For details of measurbment and preparation of tables and curves, consult the note 
at the end. 
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The great value of watch-dogs depends chiefly on two faculties, 
their acute sense of hearing and the restlessness they feel when 
they hear tJie least strange sound. By properly directing these 



faculties a good watch- doe is produced, in the training of dogs 
habits are to be acquired tnrouffh a repetition of experience. Men- 
tal and physical qualities must be developed together. The natural 
instincts of the dog form the basis of training. Commands are ^ven 
by voice and hand and the doe is accustomed to associate certain 
actions with certain signs, obedience with reward, and desobedience 
with punishment. The trainer should often hiimself do what he 
wishes the dog to perform. Thus when a shepherd trains his dog to 
lie down at the word '^ down,'' he lies down himself and makes the 
dog do the same. 

Patience and time are always necessary, but the dog's natural 
instinct and intelligence aid in the speedy formation of habits, and 
with succeeding generations, owing to the power of heredity, the 
work is less difficult. 

The Dog in Health and Diaease, Wbslet Mills. New York, 1892^ 
pp. 407. 

A t^omplete and valuable work chiefly in regard to canine pa- 
thology, but also containing a chapter on breeding and training. 
Dr. Amis says: ^^ A puppy, full of life, tends to do exactly as his im- 
pulses urge him, till the nighest motive power, a desire to please 
Ids master, is substituted.'' Training, therefore, is a question of 
the direction of impulses bv the formation of pleasant and painful 
associations, leading finally to the establishment of the habita 
desired. With regard to the methods to be employed the author ia 
in accord witJi the best authorities. 
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It will be seen that the overestimations and underestimations can 
hardly be said to follow any simply formnlatable law, such as the 
nnderestlmation of acute and the exaggeration of obtuse angles ; 
their full significance appears only in the curve as given below (Fig. 
1); in this curve the differences'^ oetween the actual and the re- 

16» 9P 460 60O 780 W<» 10li<> 120® ISft® IfiOo 166o 

+7.60 
+6.0O 
+2 6° 

— a.6o 

—6 0® 

Fife. 1- Srrora, in degrees, la reprodaoing angles hf memory : ATerage of 18 Bubjeota. 

S reduced angles are plotted to the scale of one of the divisions to 
ve degrees of error. This is our general result and its salient 
characteristics are, (a ) the exaggeration of the angle at 15^, which 
passes into a graduallv increasing underestimation up to 75^; (6) 
the correct reproduction of right angles : (c) the maximum exag- 
geration of the angle of 105^, which is followed by a decreased ex- 
aggeration, passing into an underestimation of very obtuse ang^les. 

rnie next important inquiry is naturally how far the result is 
^rpical, and how far acciaental ; how far the result of the combina- 
tion of different curves and how far the individual records agree 
with the general result. 

By each of the thirteen individuals the angle of 15^ is exagger- 
ated ; in all of the thirteen cases there is a falling off towards the 
next point 30^. the angle being about as frequently slightly over- 
estimated as sliffhtly underestimated ; in all but two cases there is 
a fairly regular Increase of the underestimation, reaching a maxi- 
mum at 75^; in all cases the right angle is nearly correctly repro- 
duced, the error being as often in one direction as in the opposite ; 
in all cases the curve then sharply rises, reaching the ma^mum of 
exaggeration at 106^, and from there in eleven cases there is a more 
or less regular decline; the curve at the last point 165^ falling below 
the line. Again, we may calculate the average deviation of the 
thirteen resmts from their mean: this for the eleven angles is 2^ 31', 
and of the 143 records (13 subjects for 11 angles) 87 show a deviation 
less than this average. Regarding the variation for the different 
angles it is least for 90^, the other angles following in this order, 
160°, 166°, 15^, 30°, 136°, 75°, 45°, 120®, lOS®, 60°. 

Comparing the general outlines of the individual curves with the 
average curve, we find that in ten of the thirteen individuals, the 
correspondence is obvious and in most of these, striking ; in one 
case the curve presents quite a different appearance, and in two 
other cases the differences are considerable. This diverging curve, 
however, is that of a professor of engineering, who has considerable 
e3n>erience in the estimation of angles ; he draws angles of 30°, 90° 
135° and 166** very accurately, overestimates angles of 16° 60°, 106° 
and 160° considerably, and underestimates the angles of 46°, 76"^ and 
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120^, thus presenting a zig-zag curve. The other two subjects came 
prepared with some practice m drawing and exhibited peculiarities 
in tne mode of estimating the angles. In eeneral there is thus a 
very striking similarity oetween the indi'^dual and the eenerai 
result, so that the curve may be regarded as fairly typical for the 
average person. 

The suggestion is close at hand that this result mav be influenced 
by the mode of reproduction ; to test this, three of the subjects re- 
produced the angles, not from memory but with the standard angle 
constantly visible for comparison. The resulting curve is qmte 
similar in the two cases, the essential difference being that the 
entire curve is closer to the true line of no error, i. e., the error is 
smaller. Fig. 2 shows the average result of the three subjects for 
each mode of reproduction. 

160 80O 460 60® 760 90° 106<> 120o 1350 1500 ia60 



FiQ. 2. 

Errors in reproducing an{!;le6 with both angles visible. Average of three subjects. 

Errors in reproducing angles by memory. Average of same three subjects. 

It is likewise interesting to determine the regularity and accu- 
racy of these methods of reproducing angles ; a sufficient test of 
this is the average deviation of the results from their mean. This 
is very troublesome to calculate and we have contented ourselves 
with doing it for two individuals. In reproducing angles by mem- 
ory the average deviation of the one suoject ( fourteen judgments 
of eleven angles ) was 2" 50', of the other 3° 05'; in reproducing 
angles with the standard angle in sight 1° 33' for the one and. 2° 08' 
for the other. There is thus indicated an increase of regularity 
with the decrease of absolute error. A comparison of deviations 
for the several angles shows that the right angle has by far the 
smallest deviation (about one -fourth of the average), and that the 
smallest and largest angles are somewhat more regularly repro- 
duced than intermediate ones, and thus again indicate tne direct 
relation between error and regularity. 

Finally as to the significance of these results, we may offer the 
following suggestion. Our curve may be viewed as consisting of 
two portions, the first beginning with 15° and ending with 75°; the 
second beginning with 105° and ending with 165°, i. e.. we omit the 
right angle as well as the angle 0°. In that case tne curve falls 
into two (often strikingly) similar portions, beginning with an ex- 
aggeration and ending with an underestimation. This would mean 
that angles with a small excess over 0° or 90° are more exaggerated 
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or less underestimated than angles with a greater excess over 0^ or 
90^. and in this special sense is it true that acute angles are under- 
estimated and obtuse angles overestimated; the smallest and 
largest angles forming an exception to the generalization. 

More on Details of Method, — ^The angles were measured by applying 
a square of card-board 25 mm. square to the horizontal line, having 
the apex of the angle coincide with a comer of the square; the 
distance of the intersection of the oblique line with the side of the 
square was noted to the nearest k mm. and from this the tangent of 
the angle could be readily calculated^ for the above process gave 
us the measurement of the opi)osite side of an angle whose adiacent 
aide was always 25 mm. In this way under favorable circumstances 
a set of twenty-two angles could be measured and the results 
tabulated in five minutes. There is inevitably some error in this 
mode of measuring, and to eliminate such error, as far as possible, 
we measured our standard angle by the same method, finding as a 
result the angles 15° 40', 31° 23', 44^ 25', 61° 38', 76° 30'. 90° 105° 40', 
ia0° 33', 136° 10', 151° 38', 166° 30'; the deviations plotted in the curves 
are from these angles and not from the theoretical angles 15°, 30°, 
45°, 60° 75°, 90°, 105°, 120°, 135°, 150°, 165°. In comparing the 
general average, the average of each individual was weighted by 
Qie number of sets of which it was the average. 

B. — On the Judgment op the Positions op Lines. 

With the assistance of Jakbs H. Txtrnsb. 

Severalpoints in the results just described suggested further re- 
search. Tne fact that one side of each angle was given as well as 
that the lines are drawn on square pieces of paper with one line 
paraUel to the side of the square, may have important influences 
upon the results. To eliminate entirely the influences which these 
conditions may have induced^ it seemed necessary to ensure an en- 
vironment for the subject m which no straight lines whatever 
should be visible except those iudged, for the lines of the floor and 
walls are manifestly sufficient to give him his vertical and horizon- 
tal and thus a basis for estimating angles. 

To secure these conditions we arranged the experiment so that 
the subject could see nothing but one or two white card-board discs, 
four inches in diameter, upon which was drawn a straight black 
line three inches long. The two discs, one above the other, were 
viewed against a large black disc thirty inches in diameter, all 
placed in a vertical position. Above his head was a parasol- 
like frame, from which hung black draperies and a similar 
black doth was drawn across his lap. When in position he 
was completely enclosed under this canopy, the light coining in 
from the back above his head: no portion of the floor or walls 
was visible to him. He was seaied on a chair with his eyes on a 
level with a point midway between the two discs and about 15-20 
inches away from them. The subject's arms reached outside of 
this canopy and held two handles attached by cords to the axle 
upon which the upper of the small discs^ turned. By pulling the 
right or left cord the subject could thus brine the straight line 
drawn upon the card-board into any position. This line was three 
inches long and 1 mm. wide and its centre was the centre of the 
four-inch disc. At the other end of this apparatus, which was 
firmly mounted upon a table, sat the observer, who had before him 
two circles divided to half degrees; to each of the other ends of the 
axles, upon one end of which was glued a four-inch disc, was at- 
tached a " hand " ending in a fine needle point, which was so ad- 
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justed as to assume precisely the same position as the line upon the 
disc. This adjustment was constantly regulated by setting the line 
vertical (by a fine plumb line) and notii^ the deviation, & any, of 
the hand from 90^. Finally a third axle midway between the two 
that bore the four-inch discs and thus in the centre of the thirty 
inch disc, bore a five -inch black paper disc eccentrically mounted 
and covering at pleasure either the upper or the lower disc. 

A twisted cord attached to the axle and also to a hinged lever, 
the cord drawn and kept tense by a weight, enabled the operator 
by a simple movement to conceal either the upper or lower disc. 
Both were never in view at once. With this apparatus our method 
of experimentation is verv simple. The operator sets the line of 
the lower disc at any desired angle; he then uncovers this disc, 
allowing the subject to view it until a clear impression of the posi- 
tion of the line is obtained; he then instantly covers this disc, and 
the subject, by means of the strings, sets the line of the upper disc 
to correspond to the remembered position of the lower line. The 
operator reads the position on his divided circle and the difference 
in the two readings gives the error. In the meantime another 
position has been set on the (invisible) lower disc, which is now 
revealed, and so on. Eighteen positions were used, forming angles 
of 0°, 10°, 20°, 30^ 40^, 50^, 60° 70°, 80°, 90°, 100°, 110°, 120°, 130°, 
140°, 150®, 160°, 170° respectively with the horizon. The observa- 
tions were taken in sets of eighteen, each angle occurring once in a 
set. With this apparatus we studied the error in setting, after a 
brief interval, one line in the same position as a standard une; this 
judgment clearly involves angles, for it is based partly at least upon 
the angles formed with ideal verticals and horizontals. It also 
Involves the conception of parallelism, for the task may be con- 
ceived as that of setting one line parallel to another. 

Ten individuals were tested, seven of them drawing each position 
of the line ten times, and three of them each line twenty times. 
The average settings in degrees and tenths of degrees of each of 
the ten subjects for each of the eighteen positions of lines are ex- 
hibited in the following table. The Roman numbers indicate the 
different subjects; the upper line, the standard positions of the 
lines. The average of all is shown in the lowest line: 
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If these averages be plotted in a curve similar to that drawn for 
reproduction of aneles, a very irregular curve wiU result, presenting 
practically no constant characteristics. The errors vary with each 
angle and almost with each individual. All the angles are so nearly 
correctly reproduced that the order of their correctness seems 
almost accidental, although there are abundant indications that the 
vertical (90^) ana the horizontal (180^) are more accurately re- 
produced than any others. 

It is also true that the angles are rather more apt to be over-estimated 
than under-estimated, and that the obtuse angles are rather more 
over-estimated than tne acute ones. Of the 180 records entered in 
the table, 138 are over-estimations and42under-e8iimatio]^. Of the 
90 records for angles of 90^ and less, 56 are over- estimations and 85 
under- estimations; of the 90 records for aneles between 90^ and 
180^, 83 are overestimations and 7 underestimanons. To this extent 
the characteristics of the former results reappear. As a verjr rough 
comparison of the errors in drawing angles from memory with one 
angle and the side of the other given, in doing this with both angles 
visible, and in judging positions of lines, it may be stated that the 
average error for all angles (without regard to their being positive 
or negative) of the three individuals whose records we have for all 
those methods are 3^ 40' in the first case. 2^ 42' in the second, and 
1^ 53' in the third. The entire curve for positions of lines is thus nearer 
the line of no error than that for reproducing angles. It must be 
remembered that much of this resulting absence of error is due to 
the balancing of errors of opposite directions, particularly so with 
acute angles. The subject nad, if anything, a smaller degree of 
confidence in the correctness of his reproduction of i>ositionsof lines 
than in those of angles, and had decidedly less confidence in the 
former than in the latter when these were drawn with both angles 
visible. An indication of the regularity of these reproductions is 
furnished by the average deviations of the individual reproductions 
from their mean. This for the three methods (average of all the 
eleven angles, eighteen positions) is for one individual 2^ 50' for 
angles from memory, iv 33' for angles with the standard angle 
viable and 3^ 15' for positions of lines; for another subject 3^ 05'. 
2^ 08' and 3^ 49'. This would indicate the greatest variability, least 
regularity for the estimation of positions of lines, the least vari- 
abuity for reproduction of angles, with the standard angle visible, 
and an intermediate degree for reproductions of angles from mem- 
ory. This order corresponds with the subjective feelinir. 

In general, then, we conclude that in the reproduction of positions 
of lines without reference to any but imagined codrdinates, the 
absolute error is small; is on the whole an overestimation of the 
angle;* is greater with obtuse than with acute angles; while the 
individual variation of the results is rather large, wo simply form- 
ulatable law is followed by the resulting curve of error; tne errors 
varying irregularly with the angle and tiie individual. 

B il.— On thb Judombnt of Hobizontal, Vbrtioal and 
Obuqub Positions of Lines. 

with the aMiBtailoe of W. D. Bbowh. 

It has already appeared that much of our perception of angles 
and positions of lines takes place by reference to an ideal vertical 
and horizontal which we constant^ carry with us and have had 

' This overestiniAtion means that the upper end of the line was set too fta* to the 
riffht; this may be due to a greater depeiidenoe of the right eye in jndclmr or In the 
adjustment of the right hand. *— •— • 
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forcibly impressed upon UB by the countless verticals and horizon- 
tals with which civilization has surrounded us. It would indeed be 
storange if this enormously extensive experience with right anglei^, 
verticals and horizontals should not have left its impress upon our 
psycho-physiological organism. We have had some evidence of 'it 
In the accuracy of judging right angles; and the importance of the 
subject led us to undertake the determination of the accuracy bf 
this ideal vertical and horizontal. We did this with the apparatus 
above described, using only the upper disc. The subject) simply set 
thiswise until the line upon it appeared to him exactlv vertical -or 
horizontal. We also had him set it in a diagonal position 45^, with 
the vertical or horizontal, speaking of these as "left oblique" or 
" right oblique," according as the upper end of the line pointed to 
the left or right. Each set consisted of 20 settings, in which ti|te 
four positions, vertical, horizontal, "left oblique" and "right 
oblique," occurred in a cnance order. 

Observations were made upon ten subjects, eight of whom set 
each line twenty-five times (five sets) and two of whom set each 
line fifty times (ten sets). In the following table appear for ea^h 
subject the number of settings of each position, the resulting 
average for each position and the average variation of the twenty- 
five (respectively fifty) records from their mean value. 

The last line of the table averages these results for the entire ten 
subjects: 
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It appears at once that the ideal verticals and horizontals that we 
carry with ns are exceedingly accurate. This is shown not alone 
by the close approximation to 90^ and 180^ but by the very small 
average variation, less than two-thirds of a dfegree. The individual 
variation is also small: 40.8' for 90^ and 36.1' for 180^ amongst the 
ten subiects. The diagonal positions show a larger and more 
constant error; the right oblique, if exact, should be at 45^, but. in 
all cases, it is less than this. The left oblique, if exact, should out 
be at 135^, but in all cases [in the first line (J. J.) there is an under- 
estimation of 02'] it is overestimated. This means that in both 
cases the oblique lines were placed too near the position of the 
horizontal, in the one case (right) by 4P 10', in the other (left) by 
4^ 12'. The average variation is also lareer than in verticals and 
horizontals, beine nearlv 3^. The indiviaual variations for the ten 
subiects are 2° 42' and 2° 26'. 

No elaborate comment upon these results is necessary. They 
give evidence of how thoroughly we have been drilled in the per- 
ception of rectangular coordinates; and the small variation both of 
the in^vidual records and of the subjects is especially noteworthy. 
Our perception of positions midway between the vertical and 
horizontal is not so accurate nor so constant, the tendency being to 
approximate them too closely to the horizontal. The error is the 
same in direction and extent as' that for angles of 45^ and 135^, 
when they were reproduced with the standard angles visible (see 
fig. 2 above), but is out of relation to the corresponding reproduc- 
tion of positions of lines. 

A PuBTHBB Study op Involuntaby Movbi^nts. 

With the assistance of Thomas P. Carter and Edward P. Shkrrt. 

In a previous contribution (this Journal, Vol. IV. pp. 398-407) there 
was described an apparatus — ^the automatograph— by which in- 
voluntary movements in the direction of the attention could be 
readily recorded; and tvpical illustrations were given of such 
movements, obtained under various conditions. In further study 
of these movements we attempted to determine the effect of the 
position of the body upon them, to analyze them with their constit- 
uent factors, and to experiment upon certain other points closely 
related to these. 

If the arm be extended to the side of the body, movements of the 
hand forward are more readily made than movements backward, 
and movements toward the body more readily than movements 
away from the body. The hand moves most easily along a circum- 
ference of which the shoulder is the^sentre. The desideratum is a 
position in which movements in all directions would be equally 
easy; while this is almost impossible to secure, it may be approxi- 
mated by extending the hand at an angle of about 45^' with the line 
joining the shoulders and with the elbows bent at an angle of about 
120^. Tlie hand thus extended is placed upon the centre of the 
automatograph— firmly fixed to the table — and a constant posi- 
tion is secured by outlining in chalk the position of the subject's 
feet upon the floor. In this wav the differences in question were 
reduced, but not eliminated; tne average of all the comparable 
records at our disposal shows half aeain as extensive a movement 
towards an object of attention to the front as. towards one to the 
rear, and a third again as much movement towards as away from 
the body. In some cases, too, the tendency to move forwara over- 
balances the tendencv to move towards the object of attention; in 
such cases we should have, however, a smaller movement to the 
front than when the object of the attention was to the front. In 
brief, the difference in Uie records accompanying the direction of 
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ihe attention to the front and to the rear, seldom fails to appear, 
althooffh it may appear as a difference in the amount of movem^ii 
instead of in the oireotion of movement. Fig. 6 shows a case of the 
former kind, obtained under different but comparable conditions; 
Pigs. 7 and 8 illustrate the more usual result. The fact that the 
movements recorded serve as an index of the direction of the at- 
tention may thus be established independently of the influence of 
the position of the body; a conclusion corroborated by results to be 
described presentlv. 

Observation of the subject's movements during an experiment 
strongly indicated that the result was complex, and originated in 
several portions of the body; it seemed both general and local. The 
chief factor in the general movement was referred to a swaying of 
the body with the feet as a pivot; this swaying of the head we re- 
corded Dv fixing the recordine plate horizontally on the subject's 
head^ and suspending above it the glass pencil, held in an adjustable 
arm, which was firmly fixed to an upright on the table. The device 
for holding the writing point is the same as that used in the auto- 
matograph and is shown in full size in Fig 3. A cork (0) is pierced by 
the snugly fitting glass tube (T) and within 
the tube the pointed glass rod (B) moves 
easily up and down, accommodating itself to 
all irregularities of surface or movement; a 
small rubber band (B) is useful in raising 
the pencil off the record and in preventing 
it from falling through the tube. For the 
record nothing is better than the small 
ground glass drawing- frames that chil- 
dren use. These nicely hold and stretch 
the glazed paper; they may be stacked 
without injury to the record, and the frame 
prevents the pencil from leaving the record. 
This device may be variously used and may 
be recommended as the simplest method ot 
recording movements of the kind in ques- 
tion. It is to be noted that when the subject 
holds the record-plate and the pencil is 
fixed, there is recorded a movement in oppo- 
site direction to that really made. 

The movements of the head* show the 
infiuence of the direction of the attenticm 
similarly to those of the hand; indeed the 
correspondence between the two is con- 
siderable and often striking. It appears 
best when movements of the head and of the 
hand are recorded at the same time. Fig. 4 
may serve to indicate the degree and nature 
of the correspondence; the head movements 
are apt to be more extensive and distinct- 
ive than those of the hand. This favors 
Fig 8. Device for record- the conclusion — to be reinforced by other 
SI'^rTSSJS' f^if^ considerations— that the swaying of the 
and down in the kUsr tube body contributes an important part to the 
(T) held in the cork (C). automatograph records. 
The rubber band (B) pre- 
▼entstherod from falling 
throught the tube. 

^To fasten this upon the subject*8 head, a screw eye is fastened to each end of tha 
frame holding the smoked paper; a rubber band is drawn over each arm up to tbo 
Jhoulder; to uiis band is afluea another rubber band passing through the screw eye aaA 
thus securing the frame upon the head. Some soft padding under me frame is deairaUa. 

a The records for this study (Figs. 2-12 and 16) have all been taken upon the same in- 
dividual and thus are as comparable as possible. 
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We failed to discover any constant tendency to sway in a 
fipecial direction; movements backward seemed to be as readily 
inade as those forward, and to the ri^ht as readily as to the left. 
When the attention is not directed m any special direction or is 
directed to a point overhead, an irregular forward and backward 
as well as lateral swaying results, which is quite different from that 
accompanying a definite direction of the attention. 



Fiff. 4. OouDtinj? metronome. > Upper line, movements of head ; lower line, ef 
hand on automatograph; time, 45 seconds. The head movements are reversed, but 
bave been again reversed for readier comparison. Figs. 4 to 18 are all obtained upOK 
the same subject. The arrows indicate the direction In which the object attended to 
was situated. 

The most obvious method of eliminating these swaying move- 
ments is to experiment with the subject in a sitting position. A 
typical record of the hand movement on the automatojgraph with 
the attention directed to the front appears in I, Fig. 5. The irregu- 



Fig. 6. Counting metronome. Facing > . Automatograph, sitting. I, 
time, 105 seconds, n, -*->- ; time, 45 seconds. 
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lar lateral oscillations have nearlv disappeared; the Itendency to 
move alonff a circomference of which the shoulder is the centre is 
marked. A more satisfactory method of eliminating the swayings 
of the body consists of holding the pencil in one hand and the 
record-plate in the other; in tiiis way pencil and record sway to- 
gether and thns no record of it is maae. Under these conditions 
we obtain a characteristic type of movement; the several oscilla- 
tions are small and fine, as appear best when examined with a 
magnifying glass. Fig. 6 illustrates the type of movement very 



Ff|C 0. — > Oountiiis metronome. Riffht hand holds pencil, left hand holds record; 
time of each, 90 seoondH. Facing — ^ . Upper line, standing; lower line, sitting. 

well. It farther illustrates that by this method there is no differ- 
ence, or but a slight one, between the records taken while the sub- 
ject IS standing and while sitting; which is precisely what should be 
the case if the general movements of the body have been eliminated. 
In this figure traces are observed of a somewhat regular periodic 
"curve"; these mark the respirations, and in II. Fig. 7, they are 

sufficiently distinct and regular to 
be counted, about twenty to the 
minute. It is natural that the res- 
piration should appear, because the 
arm holding the record-plate is 
rested against the body, and thus 
records the abdominal movements, 
though these are apt to be obscured 
by involuntary movements of the 
hand holding the pencil. The tend- 
ency to move towards the object of 
attention appears throughout; Fie. 
7 further illustrates a movement u> 
the rear as well as to the front, and 
in Fig. 8 we have an unusually clear 
indication of readiness with which 
the direction of the attention may 
be received. The subject attenos 
to and counts the beats of a metro- 
nome, which is in turn carried from 
one comer of the room to the next; 
the hand accurately follows the at- 
tention, yielding an almost perfect 
square. In all these tests it is im- 
portant that a position be chosen in 
which movements in all directions are equally possible. 



Fig. 7. Thinking of a building. 
IV^Mnng a; standing. Right hand holds 



Fac&gA; 
omeodf ■ < 



left hand holds record 
each eo seconds, I, 
shows respiration. 
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As a further test of our analysis of these movements we recorded 
the movements of the two hands at the same time. This may be 
done by holding a pencil in each hand over a record-plate placed 
upon a table, or by holding a record-plate in each hand under a 

writing point projecting from a 
table or upright. The difference 
between these methods is not 
great; the former method allows 
of slight finger movements, while 
the latter does not. The latter is, 
on the whole, more convenient, 
because the natural sinking of the 
hand cannot spoil the record, 
which might be the case in the 
other method. The record-plate 
was placed upon a light board, to 
whicn a handle set verticaUy or 
horizontally could be attached. 
Both methods admit of a variety 
of positions of the arms and hands 
ana dispense with the necessity 

of maintaining the record-plate 

^ level*. The results show that the 

From A to bTI ; from B to C, — ►• ; from very Similar mdeed; part but not 
C to D, I ; T from D to E, -^ — ; all of this similarity is due to the 
standing.^ • Bach part, 46 seconds. swaying of the body, which would 

naturally affect the two sides 
alike: but there seems also a tendency for the two hands to move 
togeuier in following the direction of the attention. Fig. 9 illus- 
trates the close similarity of the movements of the two hands. It is 
important to remember that the records must be made in the same 
way and the hands be held in the same position. The tendency to 
move is greater when the hand is held away from than when held 
close to the body; Fig. 10 illustrates this difference and at the 
same time shows the correspondence of the form of the movement, 
notwithstanding the difference in extent. 

We have thus illustrated a variety of methods of recording in- 
voluntary movements and of analyzing the chief factors contribut- 
ing to the result. In a measure tms separates the mechanical from 
the psychological portions of the movements and sheds some light 
upon the positions and methods used in muscle -reading; the ad- 
ditional facilities derivable from the movements of locomotion 
should not be overlooked. 

To this account may be added a few illustrations interesting from 
various points of view. Involuntary movements are naturally not 
limited to the horizontal plane; the rod sliding within the tube 
simply records these alone. We may fix the record-plate in a 
vertical position against the wall and take the cork between the 
fingers of the outstretched hand, holding the tube in a slanting 
position, and thus record vertical movements. This is, however, a 
latiening position^and the fatigue is manifested in a sinking of tne 
hand and arm. This is usuaUy quite rapid and may readily be 

'The dlfTerance between records made ¥rith the automatofcraph and ¥rith the deTioe 
flgured in Fig. 1 held in the liand, is mainly one of extent of movement. The auto- 
matofcraph records more finely the tendency to move towards the object of attention as 
well as the general movements of the body. The illustrations of this article compared 
with those of the former show the nature of the difference. A further advantage of the 
antomatograph is that it rests the arm. 
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Fis. 9. J, Thinkine of a buUdin^. Stand- Fif? 10. JL Thlnkins: of a buUdlng. Fae* 

ins A. I I, left hand; II, right hand; ing I, left hand held extendei 

I I both holding record near the far J^out. I II, right handheld dose to 

I body; time, 85 seconds; records re- ▼ body; each hand holds record; ttmo, 

▼eised. 85 seconds; records reversed. 



i»£!S; ^\a ^ — Counting metronome. Record vertical. Facing -< Time, » MC. 

Pencil held in extended right hand. 

recorded; an iUustration is given in I, Pig. 12. If in this position 
the attention is directed forward, we obtain a resultant of the two 
tendencies, as is shown in the diagonal curve of Fig. 11. Pig. 12 
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farther illustrates an interestin&f point similar to that illustrated in 
I^. 5. In curve I the attention is directed downwards, which 
imckens, though probably not considerably, the natural tendency 
or the hand to fall; in curve 11 the attention is directed to a point 
overhead, and we observe that this tendency almost exactly 
balances ihe effect of the natural fatigue and thus yields this pecul- 
iarly interesting result. 



?; 



I1ffl2. I, I Beoord-plate Tertical. Thinkiiiff of oiie*s feet; time, 4faeoond8. n, A 
thinking of ^ a point overhead; time, 46 aeconos. I 

Our attempts to utilize this method for measuring the different 
degrees of attractiveness of different senses or sense-impressions 
have not been very successful; and this is mainly due to the great 
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variability of the result. We have a few illustrations of the differ- 
ence in question of sufficient interest to reproduce. In Fig. 13 



Fig. 18. — ►• I, counting metronome. Automatograph, facing — >. Time, 86 
seconds. — >> n, counting pendulum. Automatograph, facing -— >.. Time, 25 sec. 

curve I represents the movement of the hand while the subject was 
counting the strokes of a metronome for 35 seconds; the movement 
is towards the object of attention, but is slight. Curve n represents 
the movement where a pendulum is substituted for a metronome, a 
visual for an auditory impression. In this case the usual impression 
claims the attention more strongly than the auditory; and this cor- 
responds with the subject's analysis of his mental processes. The 
subject is a noted American novelist and describes himself as a 
strong visualizer and in general an eye-minded person. 



Fig 14. ■ > . Facing — >>. Hand on automatograph. From A to A'; reading 
colors; 85 seconds. From A' on, counting pendulum, 25 seconds. 

In Fie. 14 the subject was asked to call the names of patches of 
colors fixed to the wall opposite him; he did this uncertainly for 35 
seconds, his hand moving from A to A'; at this point the counting 
of a pendulum was substituted for the reading of the colors with a 
markedly different result, the hand moving directly and rapidly 
towards the pendulum. Upon examination it proved that the sub- 
ject's color vision was quite defective, so that the colors did not 
hold his attention, while the pendulum did. The difference is too 
marked to be accidental, and is certainly most interesting. 

An interesting problem upon which further research is contem- 

?lated is the correlation of types of involuntary movements with 
emperament, age, sex, individual, health and disease, and the like. 
A few observations were made upon children; they show at once 
the limited control children possess over their muscles and a similar 
difficulty in fixing the attention as required. They thus yield an 
exceedingly irregular result, showing very extensive and coarse 



Digitized by 



Google 



STUDIES FROM UNIVERSITY OF WISCONSIN, i ^ / 435 

movements, usually towards the object of attention, but with ereat 
oscillations. Fig. 15 may serve as a type; in 35 seconds the hand 



Fig. 16. — >. Hand on automatograph. Facing — >•, counting pendulum. Time, 
86 seconds. The record from B' to C is continuous with that of A to B. The subject, a 
child of eieyen years. 

has moved by large skips seven inches toward the pendulum, the 
oscillations of which the child was counting. The difference 
between this record and those obtained upon adults is striking 
enough to warrant further study. 

Much attention has recently been paid to the subject of automatic 
writing; in this the subject unconsciously gives indication not of 
the direction but of the nature and content of his thoughts. We 
made a few attempts to obtain such upon the automatograph, but 
entirely without success; we asked the subject to think of a certain 
letter or simple geometric figure and examine the record for any 
trace of the outline of this letter or figure. While this method 
yielded no trace of such a result, it gave us a valuable "control" 
over the movements in which the attention was directed in a defi- 
nite direction. In Fig. 16 the subject was thinking of the 



Fig. 16. Thinking of letter O. Pencil in hand; record on table. I, standing; II, sitting. 

letter O: this was not thought of as in any special location and the 
record likewise fails to show a movement in any special direction. 
Two records are shown, one while standing and one while sitting, 
and these will show the difference in the general and local move- 
ments in the two cases; the subject is the same as in Figs. 4-12. 
This adds the corroboration of a negative proof to the general 
interpretation of the results. 
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PU&THBB STUDIBS OP^l 
With the assistanee of Gbo. W. MooBraol 




•nON-TlMBS. 

•LTON and E. T. Johnstoh. 



This term was applied in the last series of these studies (this 
Journal, Vol. IV. p. 411) to the time occupied in referring a word 
or object to its class. The special problem studied related to the 
time required for answering bythe word "noun," "verb" or "adj." 
(for adjective) when one of ten known nouns, verbs or adjectives 
was called: i. e., to refer a familiar word io its proper part of 
speech. Tnis was done when the words were either nouns or verhSy 
nouns or adjecUvea, verbs or ad^ecUves^ and nouns, verba or adjectives. 
The times were measured by aid of a "mouth-key," in which the 
release of a bit of wood held between the teeth started or stopped 
a chronoscope. The natural opening of the teeth in speaking thus 
served to mark the limits of the time measured. A simple reaction 
was obtained by answering always with the sound "efc" (violent 
explosive) when the voice of the observer was heard; the action of 
repeating the word heard was regarded as involving essentially all 
the steps involved in the classification- time, except that needed for 
mentally making the classification. In order to bring our former re- 
sults in direct comparison with those about to be described,we repeat- 
ed the same set of reactions upon F. E. B. and E. T. J. as were last 
year made upon the other two observers. The following table gives 
(in a = .001 second) the simple reaction-time; the repemtion-time; 
the classification-time of nouns and verbs, of nouns and adjectives, 
of verbs and adjectives; the average of these three; and the classi- 
fication-time of nouns, verbs and adjectives. Each entry represents 
the average of about 12 sets of 20 reactions each. The lowest line 
gives the general average of all the results. 



1 


i 


1 
1 


^ 


"2 

1 


1 

> 


-5» 


1 


Difference between 

ofN.-V.,N..A.anJ 
V.-A. 


§ll1 


J.J. 


190 


367 


599 


696 


693 


696 


667 


406 


229 


^ G.W.M. 


196 


280 


628 


697 


679 


636 


678 


440 


366 


>F. E. B. 


201 


364 


679 


623 


604 


602 


663 


401 


238 


B. T. J. 


179 


366 


612 


619 


611 


614 


684 


436 


248 


Aver. 


191 


344 


604 


608 


622 


612 


678 


421 


268 






71 
43 
61 
70 



61 



From this table we may gather that it takes 191<r to signal by a 
vjocal reaction that a sound has been heard; 344(t to repeat a spoken 
word: the difference between these 168<t for the processes of dir- 
Ungmshing the sound and calling into play the proper vocal utter- 
ance; 612(r to refer a spoken word to one of two grammatieal 
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classes, there being no difference amongst the three pairs of parts of 
speech used; 673(7 or 61(t additional to do this when the spoken 
word may be one of three classes of ten each; and 268<t for the men- 
tal process of deciding and recalling what 'the lappropriate part of 
speech is.' 

Our next step was to substitnte for the grammatical classes the 
three classes of animals, parts of the human body, and articles of 
dress; as before, ten distinctive and familiar monosyllabic words 
were chosen as follows: dog, fosc, hen, pig, cow, bee, snake, goose, 
goat, horse; eye, ear, nose, mourn, head, arm, hana, fooi^tooth, thumb; 
hat, cap, coaL vest, glove, shoe, boot, , lie, cuff, shirt. We answered 
" an,^^ when the name of an animal was spoken; " 6od," for parts of 
the body; and ^^ dress,^^ for articles of dress. As before, we classi- 
fied these words when they were selected from animals and parts of 
the body, from animals and dress, from body and dress, and from 
animal, body and dress; and in all respects repeated for these 
classes what he had done for the grammatical ones. Our results 
are embodied in the following table, in which each entry is the 
average of 12 sets of 20 reactions each: 

Animals, Body, Dbess.— Fer&oZ 8eriea. 



I 



J.J. 

G. W. M. 
F. E. B. 
B. T. J. 



Aver. 



747 
567 
724 
658 



768 
575 
709 
694 



I 



551 



678 



^9 






786 
564 
705 
675 



674 686 650 670 741 479 826 71 



687 
783 
787 



546 
869 
504 
496 



284 
341 
809 



73 
78 

78 



Several conclusions drawn from the former table reappear in this 
one. The three kinds of classifications with two classes take 
about equal times; the additional time needed to make the same 
classification when the word may be one of three classes is about 
the same. Further, the process of classifying words as oM- 
mals, body or dress is longer than classifying them as parts of 
speech for three subjects, for J. J. by 140^ for F. E. B. by 108ff, for 
E. T. J. by 61<y, but 71<t shorter for G. W. M. G. W. M. experienced 

i-lt iB also noted that our additional reeearoh entirely oonflrms the oonchi- 
gions drawn in the last study. tIz., that the results for J. J. are more typi- 
cal than the others. The peculiar difficulty of O. W. M. to distinguish TeitM trom 
adjectiyes still affects the results. But the main irregularities in our former results, due 
to Irreinilarities of practice, do not reappear, owing to the fact that care was takan that 
the ▼anous kinds of reaction be equally distritmted throughout the work, 
8 
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unnsaal difElcultv' in naming the parte of speech of words, and 
fonndthe classincation with animal^ body^ dress somewhat easier 
than the others; it is, perhaps, fair to regard the average of the 
other observers 102(7 (or an increase of 17%) as representii^ the in- 
•creased difiQcnlty involved. It is easier npon hearing the word doe, 
to recall and say that dog is a noun than that dog is an animcu; 
which wonld in torn indicate that we have been better schooled in 
recognizing the parts of speech of words than in recognizing the 
more or less natural classes into which the objects denoted fall. 

Our three groups of ten words each were chosen with reference 
to easy pictorial illustration, for our design included the classifica- 
tion of tne pictures of these objects as well as of the spoken words. 
For this purpose pen and ink drawings of the thirty objects were 
prepared and fastened upon small slips of glass; the drawings were 
of a uniform size, the extreme outlines being contained within a cir- 
cle 35 mm. in diameter. A frame was made in which ten of these 
pictures could be mounted in a carriage and moved along horizon- 
tally in back of a shutter such as the photographers use. This 
shutter consisted of two winss in back of an opening of adjustable 
size: a pressure on an air bulb withdrew the wings from the open- 
ing in tne usual way, and in so doing established an electric circuit 
by which the chronoscope was started. By the aid of a series of 
spring stops and a weight to move the carriage, we could conven- 
iently and quickly brmc any one of the ten pictures behind the 
opening in the shutter. The reaction was made as before by speak- 
ing the appropriate class name with the mouth-key. After each 
ten reactions the pictures were changed and two series of ten reac- 
tions each constituted a set. The f oQowinff table, arranged similar- 
ly to the former tables, gives the results of our ^^pictonal" series. 
Each entry under ^^ simple " and ^' naming " represents the average 
of 12 sets of 20 observations each; each entry under the other 
columns of 8 such sets. 

Animal, Body, Dress.— JRCctorial Series. 



I 



J.J. 

G. W. M. 
F. E. B. 
B. T. J. 



Aver. 



4 



214 
235 
185 



209 



I 



484 
522 
503 
558 



532 



524 
547 
503 
545 



545 



494 
561 
507 



522 



570 
532 
577 
524 



551 



540 
526 
567 
526 



539 



603 
605 
639 
589 



608 




338 
312 
332 
341 



330 



z4^ 



68 
79 
72 
63 



Again it appears that the classification of a word into any one of 
the three pairs of classes requires about equal times, and that the 
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additional time to do this for one of three classes remains the same, 
about 70ff. 

The chief result of a comparison of this with the former table is 
the fact that it takes leas time to classyfy a picture than a word; less 
time to recall and say that ^^ dog is an animal " when the picture of 
a dog is shown than when the word is spoken. While the classifica- 
tion in the verbal series (for two classes) requires Q74hj in the pic- 
torial series it requires only 539ff, or 131<t less; for classification into * 
three classes, 741(t and 608(t, or 133a less. It is fairer to take account 
of the differences in the simple reaction- time of the verbal and pic- 
torial series. 191(7 and 209(t; and thus the difference in the mental 
processes of classification is greater by 18(t than the differences just 
given. 

In the verbal series we found reasons for regarding the time of 
repeating a spoken word as involving all the processes of classify- 
ing the word except the act of recalhne the classification (see Vol. 
TV, pp. 412-413): the pure mental classification time for the gram- 
matical series (wo classes) would thus be 268a, for the verbsd ani- 
mal-body-dress series 326(t. In the pictorial series we were unable 
to devise any means of making this elimination, and so cannot say 
how much of the difference between the simple reaction and the 
entire classification-time, 330<t, is taken up by the process of recog- 
nizing and indicatine the recognition of the picture, how much by 
the recalling of its class name. There are strong reasons for believ- 
ing that very much the greater portion of the 330(r is taken up in 
the mental classification process. 

It is further of interest to compare the process of classifying with 
that of naming. Is it a more complicated process, upon seeing the 
picture of a doe, to say " dog " or to say '* animal"? Do we first 
recognize the lines as representing a dog^ and then decide that a 
dog is an animal, or do we at once recogmze the drawing as that of 
an animal? We are able to give but an imperfect answer to this 
question. For J. J. it is easier to name than to classify, and the 
time is shorter by 56<t; for G. W. M. and F. E. B. there is practi- 
cally no difference; for E. T. J. naming requires 32<t longer. The 
inferences from these results are that the two processes are about 
of equal complexity, that it is unlikely that the specific recognition 
of the class to which the obiect belongs includes the recognition of 
the individual object, and that the processes may be duferent in 
different persons. 

We have alreadv noted that the three pairs of distinctions of 
classes are of equal difiQculty; it is further of interest to ascertain 
whether it is easier to pronounce a word a noun, verb or adjective; 
a name, a picture, that of an animal, of a part of the bod^, or of an 
article of dress. The following table gives the data for this decision, 
and by noting the numbers inhold tj^e we see that on the average 
of all cases in which a word was pronounced a noun, the time re- 

?[uired was 616<7, for verbs 627<r, for adjectives 651^; for animals 695<r, 
or body 690(t, for dress 698a; for pictures of animals 556(7, for body 
568(7, for dress 564(7. In each class the three types of classification 
are Ihus of practically equal difficulty. The increase of time needed 
to pronounce a word an adjective above that needed to pronounce 
it a noun is of note, however, amounting to 35(t in the average and 
appearing in each of the four individuals. The individual records 



aeree weU with their average. The table will doubtless be clear 
^thout further comment: 
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The final average (632ff) represents the average of 960 reactions, 
animals being named 340 times, parts of the body 266 times, and 
articles of dress 354 times. We also append a statement of the 
number of errors, i. e., in which a word or picture was referred to a 
class not its own. Our data for nouns, verbs and adjectives relate 
only to F. E. B. and E. T. J.; for these the numbers of errors in per- 
centage of observations taken are as follows: 
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SUBJSOT. 


N.-A. 


N.-V. 


V.-A. 


N.-V.-A. 


Arera^. 


R E. B. 
E. T. J. 


1.67 
2.92 


6.17 
1.67 


6.17 
1.67 


2.92 
1.26 


4.27 

1.88 


Average. 


2.30 


3.92 


8.92 


2.09 


3.08 



For the verbal series the errors in percentage are: 



SUBJCOT. 


A.-B. 


A..D. 


B..D. 


A.-B.-D 


Average. 


J.J. 


7.92 


6.42 


3.33 


6.83 


6.77 


G. W. M. 


8.92 


12.92 


12.92 


14.64 


12.29 


F. E. B. 


6.00 


2.92 


6.42 


2.60 


3.96 


E. T. J. 


4.68 


6.17 


6.00 


1.46 


4.38 


Average. 


6.61 


6.86 


6.67 


6.08 


6.60 



Average of F. E. B. and E. T. J., 4.17. 

For the pictorial series the errors in percentage are: 



Subject. 


A..B. 


A.-D. 


B.-D. 


A.-B..D. 


Average. 


J.J. 


1.26 


3.76 


0.63 


0.67 


1.66 


G. W. M. 


10.00 


0.63 


3.76 


i3.12 


6.62 


R E. B. 


0.63 


1.26 


1.87 


1.26 


1.26 


E. T. J. 


0.63 


0.63 


1.87 


2.60 


1.41 


Average. 


3.13 


1.67 


2.03 


3.12 


2.46 



Average of F. E. B. and E. T. J., 1.83. 

It appears that the percentage of error is smallest for the picto- 
rial senes, largest for the verbal series, and intermediate for the 
grammatical series. The individual difference that should be noted 
IS the larse number of errors of G. W. M., which is undoubtedly re- 
lated to the shortness and mode of his reactions. The order of the 
four subjects regarding their liability to error is the same in the 
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verbal and pictorial series. It is also of interest to inquire whether 
the average time of these erroneous reactions is markedly different 
from the time of the correct ones. In the following table the 
average time of the erroneous reactions is given in percentage of 
thp corresponding average correct reactions; and the resiQts show, 
on the whole, no appreciable difference between the two. In the 
erroneous reactions there is probably a greater variation than, in 
the correct ones: 





J.J. 


G. W. M. 


F. E. B. 


E. T. J. 


Average. 


Grammatical 






94.8 

99.9 

107.0 


119.6 

103.1 

97.2 


107 1 


Series. 

Verbal Series 

Pictorial 
Series. 


108.6 
97.2 


97.6 
106.3 


102.3 
101.7 



On the Pebcbption of Simultaneous Sbnsb-Impbessions. 

With the assistance of George W. Moorehouse, Fellow in Psychology. 

The error in indicating with which one of a series of visual im- 
pressions an auditory or other impression seems simultaneous, waa 
first noted by Wundt. He studied it by having an index rotaie in 
front of a ^aduated disc at a constant rate, or again by having it 
oscillate with a pendular movement, and noting U) what stroke of 
the disc the hand seemed to be pointing when a bell sounded. The 
actual moment of the sound was determined by the observer by 
moving the pendulum slowly across the disc and the error in time 
was then calculated by mathematical formula. With this apparatus 
Wundt established that it takes many separate judgments before 
one is ready to make one's decision; that the error is very vari- 
able; that the error for almost all the rates of movement used is 
negative, i. e., the time at which the bell is said to have rung pre- 
cedes the time of its actual ringing; that this error decreases as the 
speed increases^ until it becomes positive; that the error increases 
in the accelerating portion of a pendular movement, and decreases in 
the portion of diminishing velocitv; that the error with the constant 
motion disappears when one division* of the disc corresponded to -^g 
of a second (=28ff) and the interval between successive sounds of 
the bell is one second; and finally the very important fact that the 
determination was considerably under the control of the will of the 
observer, and was influenced by the direction and nature of the at- 
tention. 

Wundt also e3cperimented with more than two simultaneous im- 
pressions, but his results on this point need not now be considered. 

Tschiscn (Wundt's Studies II. 603-634) has contributed an elabor- 
ate research, working with the same apparatus, but his main results 
are concerned with the determination of the error with several 
simultaneous impressions. Reference to his results will be made 
later on. Both Tschisch and Wundt connect with their results an 
elaborate theoretical interpretation. 

^This diyision refers to the smallest portion of the divided circle taken into account 
in the Bubject^s judgment ; Wundt^s apparatus as figured has a mark for erery two 
degrees, but it is to be inferred that he judged only to the nearest ten degrees. The 
importance of this point is the subject of discussion below. 
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For several reasons a reinvestigation of the fundamental factors 
of these interesting phenomena seemed desirable: the accepted in- 
terpretation of the error as the time needed for tne reception and 
elaboration of the perception ( CkymplieaMon einer VorateUtmg^) 
seemed questionable: the dependence of the error upon the appar- 
atus as well as upon the mode of judgment seemed not to have been 
sufficiently regarded. The phenomenon, when reduced to its 
simplest terms, may be thus described: There is a series of sense - 
impressions following one another in a recognizable order and the 
members of which are distinfiniished from one another both in time 
and by some other characteristic; a disparate and momentary sense- 
impression is interposed at some moment unknown to the subject, 
and he must determine with which one of the series of impressions 
the disparate impression seemed to coincide. In order to take note 
of small errors, it is necessary that the successive members of the 
series of sense -impressions be rapidlv distinguished; and sight and 
hearing alone^ therefore, are available for tms purpose. It is true 
that we can distingn^ish both these and other sense -impressions by 
the artificial device of counting, but this process is too slow and 
absorbs too zreat a share of the attention to be here available. 
Sight is decidedlv the preferable sense by reason of its superior 
power of taking in a large range of impressions at once; and in 
many ways the most convenient visual impressions are the divisions 
of a divided circle. The place of a given mark in the circle is 
readily determined when each fifth or tenth mark is differentiated 
from the others; the circle used by Wundt has a short stroke for 
each two degrees and a larger sfroke for each ten degrees, and 
this division we have used in our experiments. A point travels 
alons this visual scale, and for the interposed impression the stroke 
of a bell or an electric shock on the finger is most convenient. Our 
problem then is simply this: Where upon the divided circle was 
the moving point when the bell sounded or the shock was felt ? 
The most important factor in this decision is obviously the accuracy 
with which tne subject is required to decide: i. e., whether he is to 
determine the point when the bell sounded io the nearest ten, five, 
two or one degree; this is the one point that must be determined 
before the observations can proceed, and indeed must be considered 
in the preparation of the divided circle. And yet it is a surprising 
fact that this is the one point upon which former observers have 
been most reticent; one can only infer it, and that not too certainly 
from the apparatus used. Wundt, in his observations with an index 
revolving at a constant rate, judged to the nearest ten degrees; 
Tschisch apparently judged more accurately, and if by a division 
(Theilstrich) he means a division of Wundt's apparatus as figured, 
he judged to the nearest two degrees. The accuracy of the judg- 
ment with a given rate of movement is dependent upon the size of 
the divisions; after a certain velocity has oeen reached, we can no 
longer distinguish the several positions of the moving point. The 
larger the disc, the higher the speed as measured by the time of 
one revolution at which an interval of a given number, say two 
degrees, may be distinguished. Wundt's disc for constant move- 
ment was but slightly over six inches in diameter, and thus it is 
clear why he coulojudge only to the nearest ten degrees: 
in the apparatus of wunat used by Tschisch, the disc is about 8} 
inches in diameter. 

^Tschisch has elaborated and Wundt has endorsed this interpretation as applied 
to more than two simultaneous impressions ; and a table is giren indicating the time of 
the sereral higher kinds of reception and fusion of perceptions (Tschisch p. 683; Wundt, 
8rd Ed. IL p. 841). 
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To obtain a greater range of velocity of movement we used a 
much lareer disc, 22 inches in diameter, divided by short strokes 
into two degrees, and by a longer one for every ten degrees. We 
judged not only £o the nearest stroke, but also whether the point 
stood on or between two strokes when the bell sounded, i. e., we 
judged to the nearest degree. The distance on our disc between 
two strokes (two degrees) was 9.75 mm., or about I of an inch; in 
Wundt's disc this distance was only 3.84 mm., about }q of an inch. 
Furthermore, to secure ease of reading, the markings were plain 
and bold, in black ink upon white card- board, and the index was 
blackened and tapered to a readily visible point. 

In almost all previous determinationsj the index moved with a 
pendular movement; while it is interesting to observe the effect of 
the change of velocity upon the error of judgment, it is certainly 
important to have determined the error for a constant rate as a 
standard of comparison; and to regard the rate at the base of a 
pendular oscillation as equivalent for this purpose to a constant 
rate is not free from objection. In all our observations, the index 
traveled over the disc at a constant rate. 

This disc was glued to a board, 22 inches square, and the whole 
mounted in a vertical position; through a hole in the centre of the 
disCj the axle bearing the index projected and this index could be 
set in any position and then fastened by a thumb-screw. The 
mechanism by which the index was rotated was the clock-work of 
a clinostat. This apparatus was admirably adapted to our purpose 
and admitted of a great range of velocity. On the axle^ behina the 
disc, was fastened a small wire, the end of which just dipped into a 
mercurv drop, and thus in each revolution established an electric cir- 
cuit. By this connection, a bell could be struck or an electric shock 
given to the finger, and by the setting of the index the point at 
which this occurred was charged. Moreover, a switch in each cir- 
cuit enabled the observer to introduce the sound or the shock at 
any desired moment; this is important, as no judgment should be 
made until the clock-work has obtained its full and constant rate. 
The subject sat at a convenient distance before the disc, the latter 
conceahng from his view all the mechanism by which the index 
was rotated as well as the bell, and called out the positions at which 
the sound or shock se6med to come. 

A further point in the method of observation is of importance. 
The judgment in which the subject has any confidence is formed 
only after several observations, the point at which the impression 
was interposed shifting with each observation. There are two 
natural methods of recording the error; the one is to take the 
average of all the observations with a given setting of the interposed 
impression; the other is to ask the subject to decide upon one 
judgment as the final one, and to measure the error by this, record- 
ing, however, the several observations as well. After a trial of 
botn, we adopted the latter plan as the better. The point at which 
the interposed impression really occurred was readily determined 
by slowly moving the index (by turning with the finger one of the 
fine wheels of the clock-work) until the bell sounded or the shock 
was felt. In order to have the sound or shock as brief as possible, 
the mercury cup was made in the form of a narrow slit, through 
which the point of the wire could be made to pass at any desired 
angle, and to prevent the sound of the bell from continuing after it 
was stamck. the bell was loaded with drops of wax. In some cases 
we found it more convenient to use a spring wire instead of the 
mercury drop. The rate of the index was determined by timing to 
the nearest second three, five or ten revolutions, according to the 
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rate, and the result was expressed uniformly in the o= ,001 of a 
second required for the point of the index to travel over one degree of the 
circumference. 

The results we have thus far accumulated are in every sense pro- 
visional; the number of observations is not adequate and they are 
offered at the present time simply because of the interest in the 
methods by which they have been obtained and their explicit disa- 
greements with previous results. 

We calculate from the tables of Tschisch, that with the index 
moving at such a rate that 1° was passed over in 3.07 a, the error 
for sound was a negative one of 64.8 a, for touch 64.8 <t, for electric 
shock 72.2 <t; with a faster rate of 1° in 2.41 (t, these errors were 44.1 
(T, 44.1 a and 39.9 (t; and with a still faster rate of 1° in 1.7 <7, these 
errors were 20.3 a, 20.3 a and 20.3 a. In all cases these are the errors 
at the base of the pendular movement, when the acceleration is 
zero; and by a negative error is meant an error in judging the in- 
terposed impression as occurring in advance of its actual occur- 
rence. The sound was that of a bell, the touch a tap of a hammer 
upon the frontal surface of the last joint of the forefinger and the 
third kind of stimulus was an electnc shock, presumab^ upon the 
fineer. Tschisch does not describe his manner of recording the 
judgments, whether he averaged all the observations or accepted a 
final judgment with each test; in what way he combined errors of 
opposite direction and the like. The cmef characteristics of his 
result are the large size of the errors; the decrease of the error 
with an increase of speed and that, too, within small range; the con- 
stancy of this error with different kinds of interposed stimuli, and 
the negative character of the error throughout. 

In our observations, the individual variation of the results is so 
very great that it seems somewhat strained to attach any import- 
ance to the general average. These variations are so great that in 
all the observations with any one rate of speed, observations with 
positive as well as negative errors occur. Furthermore^ within the 
range of velocities studied by Tschisch, we can distingmsh no con- 
stant tendencies at all, and within the very much larger range of 
velocities at our disposal nothing that could be dignified by the 
name of law appears. Taking all our observations together we find 
for the sound : 

Rate, 1° in 2 to 4 <T. loin4to6(T. l°in6to9o. 1° in 9 <t or more. 

Error, —10,6 a -f 7.0 ff +5,9 a +1,S a 

These numbers are based upon 120 observations in all. 

With the electric shock as the stimulus the results are : 

Rate, 1^=2 to 4 a, 1^=4 to 6 a. 1^=6 to 8 <t. 1^=8 (t or more. 

Error, —15.8 <y —3.5 a —6.4 a — 45.1 a 

These results are based upon 130 observations in all. 

These results, though entirely jjrovisional and without much sig- 
nificance, owing to the great individual variations, yet are opposed to 
all the four main results of Tschisch's experiments. What tms opposi- 
tion means, it would be premature to say. But three points, further, 
need be noticed: (1) the relative constancy of the results when 
calculated without regard to their positive or negative characters; 

(2) the difference of individual oDservers in these observations; 

(3) the tendency of the several individual judgments in a single 
observation. With regard to (1) it is only necessary to indicate 
this fact: this error is not far from 30 a for the sound, and from 40 a 
for the electric shock, independently of rate. ^2) We have tested 
a sufficient number oi individuals to make great differences in the 
size and direction of the error, but not enough to describe them in 
quantitative terms. With regard to (3) we can only say that with 
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some individuals the index nearly always moves to a later 
point of the disc with successive sounds of the bell or shocks on the 
finger. 

We did not confine our studies to this method of observation, but 
devised several others, to the description of which we may now turn. 

We arranged a method by which a series of auditory impressions 
cofild be substituted for the visual ones. This arrangement requires 
the services of three persons; in one room there is the subject with 
his finger on the "shock key," listening to the reading of the ob- 
server; the observer, in reading, speaks into the mouth of the 
transmitter of a telepnone, and at the other end of the telephone 
in another room sits the recorder; there is, further, an arrangement 
by which, either automatically or at the desire of tne recorder, the 
shock may be given and the telephone circuit broken. The suDJect 
notes at what word he was listemng when the shock came and the 
recorder records the last word heard before his telephone was cut 
out of the circuit. A simpler mode of observation consisted in con- 
necting the shock circuit with the telephone circuit and noting be- 
tween what words the slight sounds accompanying the making and 
breaking of the shock circuit came. We then measure the rate of 
speaking and calculate the error in cr. In reading from a book, the 
subject does not know what is coming; but in observing the move- 
ments of an index before a disc, the sequence of impressions is fore- 
known. We can secure the latter conditions for hearing by count- 
ing, or by speaking the alphabet. A further variation consists in 
having tne subject himself count aloud or read aloud from a printed 
page; but this is not so serviceable as the other form of experiments 
The result of all our experiments with the auditory series may thus be 
expressed: The error in indicating the place of a shock in an audi- 
tory series is less than one of the smallest units of time Tthe time 
needed to speak one word or one syllable) that we could take into 
account in the observations. The quickest sense-impressions that 
one can follow by ear is counting from one to ten repeatedly, but 
this can hardly be done more rapidly than seven per second; our 
result then simply shows that the error is rarely as large as one- 
seventh of a second=143 o. It is further to be noted that the re- 
corder's method of noting the error is not as objective as is to be 
desired. In noting the place of the two clicks in the auditory series^ 
there is some though less opportunity for the same error of time- 
location as in placing the position of a shock in the same series. 
The experimentation is difficult, the results indicating that the ear 
cannot differentiate and locate the sequence of impressions with 
sufficient rapidity to permit of the detection of the error under 
consideration. 

As a further contribution to the infiuence of the apparatus and 
mode of judgment upon these errors of location in time, we altered 
one of the most important conditions of all former experiments: 
instead of having the disc stand still and the index moved, the re- 
verse was done. This was accomplished as foUows: Upon a 
revolving drum was fastened a sheet of paper with various lines of 
letters, words and numbers written upon it with a type-writer; 
the drum was in a horizontal position, but to bring the letters in a 
vertical position and to have them pass across the field of vision 
from right to left (and thus be read from left to right) as well as to 
have but one line, or rather as much of one line as one could see. in 
sight at any one time, two mirrors were appropriately placed at the 
end of a shallow box, through which the subject read. A fine thread 
placed in front of one of these mirrors served as an index, the sub- 
ject judging what letter or number was opposite the thread when 
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the bell sounded or his finger received the shock. As before, the 
drum moves at a constant rate, and a final judgment is recorded 
after several individual observations. We judged always to the 
nearest letter or number (there were 135 in a line), and in some in- 
stances we attempted judgments between or upon letters or spaces, 
that is, to the nearest half letter. It will be seen that a letter cor- 
responds to 21° or a half -letter to 1J°. We used 12 different lines; 
lines I. and n. were continuous words from a story for children; 
line in., a series of detached monosyllabic words; line IV., miscel- 
laneous numbers between 20 and 100; line V., the numbers in 
regn^lar order from 20 on; line VI.. the numbers advancing by 7 
from 12 to 100, 11 to 100, 13 to 100; hue VH., letters of the alphabet 
in chance order; line Vm.. a line of verse; line IX., ofprose: line 
X., the same line of prose, out in reversed order; line AI., a hne of 
Qerman; line Xn., a scale of short uniform marks with every fifth 
mark heavier and numbered to correspond exactly with the divided 
circle with the rotating index. 

Let us consider line XII. first, as that allows of most direct com- 
parison with former results, with this method of judging a much 
slower rate is necessary; the circle is much smaller, about 4 inches 
in diameter; it is more difficult to read the lines while in motion, 
and a smaller portion of the circle is visible at any one time. 

With the bell our results are : 
Rate, I°in20to24ff. loin24to28ff. loin38to42ff. > 76 

Error, —27.6 g —20.7 c —28.8 a ] observations. 

With the electric shock, the results are : 
Rate, I°in20to24ff. 1« in 24 to 28 <t. I0in32to60ff. \ 60 

Error, — 60.7 (t — 23.2 <t —MAo j observations. 

The great variability of the results is again a striking factor, 
though they are almost uniformly negative. There is no definite 
connection suggested between rate and error, and the error is dif- 
ferent with the Dell and with the shock. 

The other eleven lines were arranged to furnish material for the 
study of the effect of the different kinds of visual series ui)on the 
error. Most of the observations were, therefore, made with one 
rate of speed, about 1° in 20 <t. If we divide the lines into those con- 
taining continuous words, I., IL, VIII., IX., XI., those containing 
detached words or letters, III., vll., X., and those containing num- 
bers, we find as the general average error of the first set -|-2.2<t, of 
the second -|-7.0 ff of the third. 0.0 6, There is no difference of note 
between the results of bell ana shock. Tlie small error and great 
variability of the results are again the marked characteristics; the 
averages have thus little significance. But one further result is 
worthy of notice. If, instead of recording simply the final judg- 
ment, we record all tne individual answers and enter their average 
as a result, then the error seems to be larger; we can make such a 
comparison for the " shock- stimuli," though the two sets of results 
were not taken at the same rate (the " average " judgments being at 
about half as rapid a rate as the " final " ones). In the first case the 
average error is 4.1 6 and in the second case 36.7 <^. Attention is 
again directed to the provisional character of the results through- 
out, and to the fact that our main objects are the analysis of the 
facrors involved in these observations, the indication of the 
dependence of the results upon method, apparatus and mode of 
judgment, and the recording of the absence of agreement of our 
provisional results with those obtained by other observers. 
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The Psycho -physic Sebibs Applied to Lifted Weights. 

with the assistance of Walter D. Brown. 

The method of the psycho-physic series presents to the subject a 
range of sensation intensities — ^usually successively one at a t^me — 
and requires him to assign each sense -impression to one of a given 
number of divisions or magnitudes. By this method we may com- 
pare the assigned magnitudes of the stars with their photometric 
intensities and determine whether the subjectively equal different 
magnitudes (arithmetical series) correspond to a similar objective 
senes or — as the psycho-physic law demands — ^to a series of equal 
ratios (geometrical series). In former contributions (Vol. I. pp. 
112-127, Vol. III. pp. 44-79, Vol. IV. pp. 213-219) the close corre- 
spondence of estimated star-magnitudes with the law was shown, 
and the method applied with varying results to sensations of visual 
and tactual expression, to the time -sense and to the motor- sense. 
A comparison of all the results suggested the generalization that 
the law probably holds of sensations that are appreciated en masse^ 
without conceiving them as divided into umts, on a general 
unanalyzed impression. 

Our present study applies this method to the sensations obtained 
in lifting weights in tne palm of the hand, and this includes the 
sense of muscular contraction as well as the pressure-sense of the 
palm. Sixty weights were prepared, the lightest weighing 12 grms. 
and the heaviest 795 grms.; the intermediate weights corresponded 
to the average of an arithmetical and geometrical series inserted 
between these limits; in this way the selection of weights, while 
from the subject's point of view essentially a matter of chance, 
favored one result no more than the other. A set consisted of 60 
observations, each weight being assigned once to a magnitude. The 
subject, without distinctly seeing the weight, lifted it up and down 
in his right hand and assigned it according to his sensations, to one 
of six magnitudes or classes. The lightest weights were grouped 
as Glass I., the heaviest VI. The order of the weights was determined 
by chance. The weights were made by packing cylindrical boxes 
31" high and 1^^'' in diameter with leaden discs cut to fit the inside 
of the Dox and supplemented by felt discs, cotton and shot; the 
weigHwas equally distributed throughout the box and were all 
alike in appearance, being marked by a letter on the bottom. Two 
sets (120 judgments) were taken upon seven subjects and four sets 
(240 judgments) upon three subjects. The average weight in 
grammes and the results of all the weights assigned to each of 
the six magnitudes or compartments I., U., m., IV.. V. and VI. 
by each of the new subjects is given in the following table, the last 
line giving the average of all : 
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Subject 


No. 


I 


No. 


n 


No. 


in 


No. 


IV 


No. 


V 


No. 


VI 


No. 


J. H. T. 


120 


39.4 


23 103.2 


23 


175.4 


14 


249.2 


14 


370.1 


18 


619.4 


28 


F.S. 


120 


43.9 


23 1 92.3 


23 


178.9 


16 


267.2 


14 


400.8 


21 


640.4 


23 


J. H. D. 


120 


25.8 


13 1 71.2 


17 


146.0 


28 


286.0 


22 


438.6 


20 


664.3 


20 


F. E. B. 


120 


27.3 


14 74.6 


19 


131.6 


18 


240.4 


24 391.8 


21 


640.2 


24 


B. P. S. 


120 


23.6 


19 91.1 


20 


181.6 


28 


323.4 


17 461.7 


19 


696.2 


17 


C. M. R. 


120 


34.6 


20 97.6 


23 


170.7 


18 


286.2 


23 433.9 


16 


660.0 


21 


B. T. J. 


120 


40.5 


26 127.8 


29 


239.3 


20 


369.2 


16 ,626.2 


14 


676.1 


15 


G.W.M. 


240 


27.0 


30 


68.0 


41 


148.2 


39 


232.6 


36 1370.2 


45 


624.3 


49 


W. D. B. 


240 


29.6 


30 


75.8 


34 


146.1 


46 


255.8 


44 


408.9 


40 


643.8 


46 


J, J. 


240 


28.2 


30 


76.2 


39 


151.4 


47 


266.1 


45 


422.6 


28 


620.1 


61 


Average 


1660 


32.0 


228 


86.8 


268 


166.8 


274 


276.6 


255 


422.6 


241 


648.6 


294 



In the next table are given for each subject, in the upper line, the 
successive differeTices'y in the lower line, the successive ratioa be- 
tween the average weights of neighboring magnitudes; in the last 
three columns are found the averages of these differences and of 
these ratios, the average deviation of the several differences and 
of the ratios from their mean (expressed in percentage), and the 
ratios of these percentages of deviation to one another. In the 
lowest lines of the table, similar results are given for the general 
average of all. 



Subject 


i-n 


n-m 


m-iv 


IV-V 


V-VI 


Average 


Average 
Deviaiion 


Ratio 


J. H. T. 
F. S. 

J. H. D. 

F. E. B. 

E. P. S. 
C. M. R. 

E. T. J. 

G. W. M. 

W. D. B. 

J. J. 


63.8 

2.62 
48.4 

2.10 
45.4 

2.76 
47.3 

2.73 
67.5 

3.90 
63.1 

2.82 
87.3 

3.16 
31.0 

2.15 
46.3 

2.57 
48.0 

2.66 


72.2 

1.70 
86.6 

1.94 
74.8 

2.05 
67.0 

1.77 
90.4 

1.99 
73.1 

1.75 
111.6 

1.87 
90.2 

2.56 
69.3 

1.91 
75.2 

1.99 


73.8 

1.42 
78.3 

1.44 
140.0 

1.96 
108.8 

1.82 
141.9 

1.77 
114.6 

1.67 
129.9 

1.54 
84.4 

1.60 
110.7 

1.66 
114.7 

1.76 


120.9 

1.49 
143.6 

1.66 
162.6 

1.53 
161.4 

1.63 
138.3 

1.43 
148.7 

1.62 
167.0 

1.43 
137.6 

1.59 
153.1 

1.60 
156.6 

1.69 


249.3 

1.68 
239.6 

1.60 
225.8 

1.62 
248.4 

1.63 
234.6 

1.51 
226.1 

1.52 
149.9 

1.28 
254.1 

1.69 
234.9 

1.67 
197.5 

1.47 


116.0 

1.79 
119.3 

1.73 
127.7 

1.96 
122.5 

1.97 
134.6 

2.12 
125.1 

1.85 
127.1 

1.85 
119.5 

1.91 
122.9 

1.86 
118.3 

1.91 


47.7% 

19.0% 

48.4% 

13.6% - 

42.4% 

17!9% 

50.4% 

18.2% 

35.7% 

18.9% 

39.8% 

20.6% • 

17.4% 

28.3% 

53.8% 

18.1% 

46.3% 

16.2% 

39.7% 

18.3% 


1: 2.51 
1: 3.56 
1: 2.37 
1: 2.77 
1: 1.89 
1: 1.93 
1: 0.62 
1: 2.97 
1: 2.86 
1: 2.17 


Average 


54.8 
2.71 


80.0 
1.92 


109.7 
1.65 


146.0 
1.53 


226.0 
1.53 


123.3 

1.87 


40.6% 
19.9% 


1:2.04 
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The general result is indicated in the last etitry in the column of 
ratios; the approximation to a geometrical series is^ on the average^ 
twice as close as to an arithmetical series; to this extent the psycho- 
physic law is followed. 

Passing to the individual results, it is seen that all the individuals, 
with one exception (E. T. JJ), favor the geometric series, and or 
these nine, six approximate it more closely than the general result. 
If we omit the one divergent record, the general deviation from an 
arithmetical series becomes 43.4%; from a geometrical series, 17.8%, 
and their ratio as 1: 2.44. We have, then, a coarsely approximate 

geometric series, but one which presumably is fairly constant in 
ifferent individuals. 

In the application of the method of the psychophysic series to the 
time- sense, it was found that the first set of those subjects upon 
whom more than one set was taken, conformed much more closely 
to a geometrical series than did the following ones. The same is 
true of only one of the three subjects who contributed two sets to 
the present study. For W. D. B. the ratio of approximation to a 
geometrical series to that of an arithmetical series, as in his first 
set, 1: 6.27; in his second set, 1: 1.60; in the two combined, 1: 2.86; 
for Q. W. M. these ratios are 1: 2.83; 1: 2.42; and 1: 2.97; for J. J., 
1: 1.63; 1: 1.90; and 1: 2.17. This would indicate that practice has 
less tendency to change the method ot judging lifted weights than 
of time -intervals; in tne latter case the approximation to a geometric 
series is much closer than in the former. 

It will be observed that the deviation from a geometric series 
proceeds, not in a hap -hazard way, but exhibits a fairly definite and 
constant tendency. The ratio between the average weights of 
neighboring magnitudes is not a constant, but decreases by smaller 
ana smaller steps, and thus approaches a constant. The unusually 
high ratio between the classes or mamitudes, I. -11. is a common 
characteristic of such results (see this Journal, Vol. I. p. i23. Vol. 
IV. p. 216) and is in large measure accounted for by the fact that 
the number and average weight of observations falling in Class I. are 
afPected by there being no class smaller than I., to which doubtful 
judgments might be assigned. The decline of the ratios was in the 
case of the star-magnitudes expressed by an empirical formula, 
making the ratio a constant multiplied by a constant times the 
excess of the magnitude^ above a given magnitude. The ratio is 
expressed, not by a straight line, as it would be if it were a constant, 
but by a line incuned to the horizontal at a slight angle. A similar 
inclination, though not a constant one, is suggested by the present 
results. 

The suggestions ofPered in former applications of this method are 
entirely corroborated by the present study; the tendency to have 
equal ratios of objective stimuli correspond to equal sensation- 
differences is strong and natural in such types of sensation as are 
estimated grossly and from an impressionist point of view, without 
reducing them to units or conceiving them as thus reduced. We 
are quite likely to gauge weights by an unanahrzed feeling of effort, 
whicn we do not tend to reduce to pounds and ounces, and this is 
the natural basis of the psychophysic law. We reserve for a future 
contribution the general discussion of all the results thus far ob- 
tained in the application of the method of the psychophysic series 
to various types of sensation. 
J 

1 In this case there are reasons for belieyfng that the subject took a very artificial 
▼lew of the problem before him, and more or less consciously favored the arithmetical 
series. 
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Note Upon Othbb Rbseabchbs. 

To complete the account of the studies of the year, mention may 
be made of a few studies, as vet incomplete, or to be published 
elsewhere. In collaboration with Mr. G^eo. W. Moorehouse. a new 
sesthesiometer has been devised, which differs in essential points 
from those now in use. It permits of testing the sensibility of the 
skin with a variable pressure upon the points of the skin tested: 
the motion bv which the points are applied is constant, regular and 
simple. Furthermore, a series of attachments is to be constructed 
by which the same apparatus may be used for exploiting the various 
types of tactile sensibility, for the pressure sense, and For the tem- 
perature sense; the apparatus will thus test all the chief sensi- 
bilities of the skin. The construction is not elaborate and the cost 
will be moderate. 

Two researches of a statistical nature have been undertaken and 
are nearing completion. One is a study of the dreams of the deaif . 
with ai view of determining the efPect of the age of becoming deaf 
upon the future retention of '^ dream hearing." and of recordiw 
* many other peculiarities of the dreams of this class. Mr. E. T. 
Johnson has nad charge of the tabulation of this interesting but 
troublesome material. The other is a study <^ association and 
community of thoughts; the main point being to determine in what 
degree different persons are apt to think of thli same association 
when starting from a common point, and then following their own 
line of association. A word is given to a class of students, and at 
the same time each member of the class writes the first five words 
suggested by the original word. The proportion of similarity of 
association in all the first words written, in all the second, etc., as 
well as in the sum total of all the words is the chief pomt to be 
studied; and the main result is the regular decrease of communitar 
of association as the words are removed from the original wora. 
The first words suggested to difPerent persons by a given word are 
more apt to be the same than the second, the second more so than 
the third, and so on. 
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